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The Tullibee slides down the ways at the Groton, 
Connecticut, yards of General Dynamics Corpora- 
tion's Electric Boat Division. Built for silent opera- 
tion, her machinery is shock mounted, and the hull 
and all work areas are sheathed with insulation 
The Tullibee’s nuclear reactor was designed and 
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manufactured by C-E 
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THIS SUPER-SILENT HUNTER-KILLER HAS KEEN EARS 


The Tullibee, the first nuclear powered “hunter-killer” sub- 
marine, launched on April 27th, is designed to find and destroy 
enemy submarines beneath the sea’s surface. It is the first sub- 
marine in the nuclear Navy to have a turbo-electric drive. It 
utilizes the most advanced hull design, is packed with sonar 
equipment and represents a major advancement in the Navy’s 
anti-submarine warfare development program. 

Silence is vital to Tullibee’s mission and, as a result, she’s 
one of the quietest underseas craft ever built. She is also unique 
in that her torpedo tubes are located amidships rather than in 
the bow. This allows Tullibee’s nose to be loaded with an un- 
precedented number of sonar tracking transducers and hydro- 
phones 

Combustion Engineering designed the nuclear power plant 
of the Tullibee and manufactured most of its major compo- 


nents, including the core with its fuel element assemblies. A 
prototype installation, including a portion of a submarine hull, 
has been in full power operation for some time at the C-E Naval 
Reactor Division in Windsor, Connecticut. This prototype, also 
designed and built by C-E, is the only installation of its kind at 
a privately owned site. It is now used for test purposes and 
training Navy crews. 

The Tullibee adds one more name to the long list of notable 
power installations designed and built by C-E ... installations 
that are representative of the most advanced practice in steam 
generation on land or sea. 


C-E also designed and built the reactor vessels and steam 
generators for the USS Triton, world’s largest submarine, 
which recently encircled the globe, submerged, in 83 days. 
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Three hundred foot high 
stacks mark the largest 
therma!-electric plant in 

Canada—Ontario Hydroelectric’ s 


Richard L. Hearn Station, Toronto 
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data and the formulae required for programming the 
selection on a computer. 
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pump. 
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The second of the usual two-part coverage of this highly im- 
portant meeting—this time we cover condensers, large 
steam turbine generators, fuels. 
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J. E. Cook 


The author’s company experience with prototype gas turbines 
as blower drives in place of steam turbines is well covered. 

The share and share alike requirement between purchaser 

of a prototype and its manufacturer is also developed. 
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INDUSTRY 


PURER THAN THE 
DRIVEN SNOW 


Yuba Evaporators 
hievi d 
are acnieving new recor 
. *,¢ 
high purities 
In power, processing, marine or any industry that needs high purity 
water in volume, Yuba evaporators are recognized as the finest equip- 
ment available today. There are good reasons why. Recent tests by 
Consolidated Edison Company of New York show that purities better 
than 0.004 PPM total solids are achieved — purities “heretofore un- 
known.” Heart of the Yuba evaporator is the patented improved bubble 
tray design. Yuba evaporators have reached their present peak because 
; of continuous refinement of design, engineering and manufacturing. 
Other Yuba products for “ . ; ; 
And Yuba’s mechanical vapor purifier has also been found to be the 
steam power plants include ry : aif we ; : , 
most efficient of its type within the limits of mechanical purifier design. 
Bubble tray or mechanical evaporators, Yuba designs are the most 
flexible in the industry. They can be installed vertically or horizontally 


Condensers, Feedwater Heaters, 
Expansion Joints, Heaters, 
Tanks, Cranes, Structural Steel 
and scores of other items in a wide capacity range — depending on the industry need or basic 
plant design. Whatever your high purity water need, remember Yuba 
for the finest in evaporators. Write today for the complete story of tests 

on Yuba equipment — Bulletin YHT 101. 


specialists in heat transfer equipment 


YUBA HEAT TRANSFER DIVISION 


4th and Main Streets, Honesdale, Pennsylvania 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Atlanta * Buffalo * Chicago * Cleveland * Houston * Los Angeles * New York * Philadelphia * Pittsburgh « San Francisco « Seattle 
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Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial] plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window ... 
where measured values appear as a row of 
digits with a scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accuracy of 
+(0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 uv) with ref. jet. comp. Write 
for Data Sheet E-33(1A). 


8686 Millivolt 
Potentiometer 


8690 Millivolt 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


4 time-saving 
instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... 


8692 and 8693 
Temperature 
Potentiometers 


If you want to make a variety , 


of temperature measurments 
quickly with one flexible 
instrument, investigate the 
new time-saving 8692 Single- 
Range or 8693 Double-Range 
Temperature Potentiometers. 
Available in any of 24 inter- 
changeable temperature and 
millivolt ranges, these instru- 
ments read directly in degrees 
F or C on a scale 2712” long. 
Convenience features include: 
simplified range changes... 
only a screwdriver is needed 
to change a circuit panel, 
scale and binding post studs; 
automatic reference junction 
compensation reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ‘ 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 
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Need a _ fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 
Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms .. . ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 nv/mm (0.3 pv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


f 


f 


4972 Stenton Ave., 


9834 Guarded 
D-C Null Detector 


Fd 4 A 
: LEEDS ... NORTHRUP 


Philadelphia 44, Pa 
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CLEARWATER FINISHING 


GETS SAVINGS 
WITH INTEREST, 
USING A 
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THE AIR PREWEATER 
capo 








PACKAGE AIR PREHEATER 


Fuel savings alone pay for it in two 
years; installation costs cut by pre- 
assembly — — 

Savings come in pairs at Clearwater 
Finishing Co., with the installation of 
their new Package Air Preheater. 
This is why: 


1. Initial savings on installation. You 
can install a Package Air Preheater 


at a fraction of the expense required 
for conventional heat recovery equip- 
ment. The unit you see in the picture 
is a complete Package Air Preheater. 
To put it into service you simply lift 
it into place, make pawer and duct 
connections. It’s that fast, that easy. 


2. Long term fuel savings . . . $17,000 
a year off your fuel bill (more or less, 
depending on size of preheater and 
application). What you save on fuel 
can pay for the Package Air Preheater 
within two years. 
Installation savings are achieved 
through standardized design, which 
permits complete shop assembly. Fuel 
savings are achieved through the effi- 
cient continuous regenerative heat 
recovery principle, which cuts your 
fuel bill 1% for each 45-50°F increase 
in preheated air temperature. 

For application ideas, and facts and 
figures on the potential savings, write 
for free 14-page booklet. 







Completely pre-assembled Package Air 
Preheater is lifted into place at the new 
plant of Clearwater Finishing, (Division 
of United Merchants & Manufacturers, 
Inc.) at Clearwater, South Carolina. In- 
stalled at far less cost than a unit requir- 
ing on-site erection, this Package Air 
Preheater will serve a 83,000 lb/hr boiler. 
It measures approximately 8'x8'x6', and 
its 4900 sq ft of effective heating surface 
will recover 290°F from the stack gas. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 
Phone: MUrray Hill 2-825¢ 
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® The primary objective of 
The Valley Camp Coal Company is 
to provide a more efficient coal service 
to help lower your steam costs. 

In the continual development of 
this objective, we have acquired vast 
unmined reserves, thoroughly modernized 
our mining facilities, and constructed 
new coal preparation plants. 

Our combustion engineering service 
is showing more power engineers 
every day how to lower steam costs, with 
Valley Camp Quality Coals. 


VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


June 1960 


SUBSIDIARIES — 
Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. ©@ The 
Valley Camp Coal Co. of Canada Ltd., Toronto & Fort William, Ont. © Kelley's Creek & North- 
western Railroad Co. ® Kelley's Creek Barge Line Inc. @ Pennsylvania & West Virginia Supply Corp. 
SALES OFFICES — 


Philadelphia © Baltimore © Buffalo © Pittsburgh © Wheeling © Cleveland © St. Paul 
© Cincinnati © New York © Milwaukee © Superior, Wis. © Fort William, Ont. © Toronto, Ont. 
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CONSOLIDATED “MAXIFLOW” SAFETY VALVES set a new 


standard of capacity and tightness in high pressure steam service 


Capacity 


Consolidated “Maxiflow” Safety Valves have 


greater discharge capacity, seat tightness, and 
shorter blowdown essential to optimum service 
on today’s high-pressure, high-temperature steam 
generating equipment. 


The highest degree of valve tightness is achieved 
with the Thermodisc Seat, an exclusive Consoli- 
dated feature. This unique seating design permits 
rapid equalization of temperature differentials 
set up when a high pressure valve reseats after 
blowing. The Thermodisc minimizes thermal 





Consolidated “Maxiflow” 
Safety Valve, Type 1700 
Series. Sizes: 142" through 
6”. Pressure to 3000 psi. 
Temperatures to 1120° F. 
for superheater and 
reheater service 


stresses which cause seat distortion. Result: per- 
manent tightness that saves on steam and valve 
maintenance. 


The Consolidated “Maxiflow” is designed to 
function with a minimum blowdown. Blowdown 
adjustment can be made with the valve under 


full pressure. 


Bulletin 707B contains complete details about 
Consolidated “Maxiflow” Safety Valves. Write 
for a copy. 


CONSOLIDATED SAFETY VALVES 


A product of 


MANNING 


G,||8 
MI: 


TRADE MARK 


MANNING, MAXWELL & MOORE, INC. 


Valve Division « Stratford, Connecticut 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
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STAINLESS STEEL BOILERS, HEAT EXCHANGERS, ATOMIC INSTALLATIONS, CHEMICAL 
PROCESSING EQUIPMENT CLEANED SAFELY, EFFICIENTLY WITH PFIZER CITRIC ACID 


@ Industry experience proves that 
citric acid eliminates chloride stress 
corrosion problems — provides ef- 
fective descaling — permits easier, 
more efficient after-rinsing. 
Discuss with your chemical 
cleaning service company these ad- 
vantages of Pfizer Citric Acid in 
stainless steel cleaning solutions: 


| Citric acid is highly efficient 
| in removing imbedded metal 
and oxide films from stainless steel. 


2 Citric acid’s excellent seques- 
tering ability prevents repre- 


cipitation of dissolved scale. 


3 Citric acid cleaning eliminates 
m” the problem of chloride stress 
corrosion. 


A Citric acid can be effectively 
, inhibited without losing its 
cleaning or sequestering ability. 


5 Citric acid is sold as a dry, 
Gf 100% acid — meaning savings 


in storage and handling. 


6 Citric acid is water soluble, 
easy to handle, and non-toxic. 


Let us send you further information, 
cost and obligation-free! 


| want to learn more about the use 
of Pfizer Citric Acid for cleaning 
stainless steel equipment. Please 
send me Technical Bulletin 102. 
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Science for the world's well-being 


Manufacturing Chemists 
for Over a Century 
= 
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CHAS. PFIZER & CO., INC., CHEMICAL SALES DIV., 630 FLUSHING AVE., BROOKLYN 6, N. Y. 
Branch Offices: Clifton, N. J.; Chicago, lll.; San Francisco, Calif.; Vernon, Calif.; Atlanta, Ga.; Dallas, Tex., Montreal, Canada 
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Copes-Vulcan Boiler Control 
installed at Seward Station 


tional functions of this efficient control system. 


Pennsylvania Electric Company’s Seward Station 
uses an integrated Copes-Vulcan system to provide 
efficient boiler control. Built to maintain a constant 
main steam-header pressure under all load condi- 
tions, this modern control system provides simplicity 
of circuits and dependable accuracy of components. 


Correcting pressure changes automatically. 
Fuel feed responds to deviations in steam pressure 
resulting from changes in steam flow rate, and 
generates the exact amount of steam to restore 
header pressure. ‘The system also maintains constant 
drum level. 

Mill temperature control, mill-totalizing circuit 
and boiler feed pump recirculation control are addi- 


Bumpless transfer simplifies operation. All 
Copes-Vulcan auto-manual stations provide a con- 
tinuous picture of performance, permit automatic- 
to-manual selection without the complications of 
seal balance. 

Noted for modern design, high speed response and 
precision performance, Copes-Vulcan boiler control 
systems and Vulcan soot blowing systems cut oper- 
ating costs at modern stations everywhere. 

Available in separate units or integrated into a 
single package, these control systems are custom en- 
gineered to meet individual specifications. For de- 
tails, write Copes-Vulcan Division, Erie 4, Pa. 
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Seward’s soot blower system. A Vulcan auto- 
matic-sequential control system keeps soot blowers 
operating in proper sequence. Panel switches per- 
mit any soot blower to be cut out of the sequence 
or reblown if necessary. 


Write for Bulletin 1038. 
This 12-page bulletin de 
scribes in detail Seward’s 
complete control system. 
Schematic drawings show 
air-flow and fuel-loading 
loops. Boiler drawings lo- 
cate Vulcan soot biowers 
and wall deslaggers. 
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Fuel feed drive units. The units shown are typical of all drive 
units in the control system. A positioner, a four way valve, a power 
piston and feed-back cam are incorporated into each compact unit. 


Pump recirculation control. When discharge from any pump 
falis below an established limit, an electric-contact low-flow control 
circuit opens a diaphragm operated by-pass valve to assure suffi- 
cient flow to prevent the pump from overheating. 


Copes-Vulcan Division 


BLAVWW-KNOX 





Now... United Electric Proudly Presents the First 
Modern Direct Barge-Loading Coal Mine in Illinois 


THE ALL NEW 


ES/AMNILI 




















We will be pleased to send you, on request, a copy of a colorful brochure describing Banner Mine 


nN) i\ 
THE UNITED ELECTRIC GOL L consmenne 
COALS: FIDELITY » CUBA + BUCKHEART * RUBY » MARY MOORE + BANNER 


CHICAGO, 307 N. Michigan Ave., Phone CEntral 6-6580 +» PEORIA, Commercial National Bank Building, Phone 3-3711 * ST. LOUIS, Ambassador Building, Phone GArfield 1-3732 
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A FAST-MOVING PROGRAM OF EXPANS/ON 


PRODUCT DEVELOPMENT 


AND STREAMLINED DISTRIBUTION TO HELP OUR CUSTOMERS 


MEET THE CHALLENGE OF THE SOARING SIXTIES 


The Soaring Sixties have begun. This is the decade to be 
marked by accelerated industrial growth. By 1970, pre- 
dictions are that... 
¢ machinery production will double 
* petroleum production will increase 4% to 5% each year 
¢ chemicals are to double their present output at the cur- 
rent compound growth rate 
food processing will rise nearly 40%, paper and allied 
industries will expand about 60% 


Total industrial production is estimated to rise some 60% 
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in the next ten years. Looking at it another way, the 
prospective increase in manufacturing and mining is almost 
as large as the total output of just 12 years ago. 

Crane announces Direction “70... new products to help 
industry meet the challenge of the Soaring Sixties. These 
are products to improve quality control. These are products 
to increase production. These are products to help you 
control your costs. On the following pages is the first... 
the most significant Gate Valve improvement in 25 years. 
It’s the first announcement of many you'll be seeing from 
Crane in Direction °70. 


11 








CRANE 


the most significant advance in gate valve design in 25 years... 
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a new line of 15O0- and 3O0O-pound steel valves 


* Patented 
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Instead of being made with a solid disc, 
new Crane Flex Gates have separate 
disc faces, connected by the spool-like 
unit you see in the cross section. This 
joins the two seating faces, yet provides 
flexibility for the faces to seat tightly 
with independent action. 
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FLEXIBILITY PROVIDES THESE BENEFITS 


new Crane Flex Gates 
seat with less torque. 


new Crane Flex Gates 
unseat with less torque . . . will not stick closed even in 
high temperature service. 


minor deflection of seat- 
ing faces due to pipe strains does not affect tightness of 
Crane Flex Gates. 


new Crane Flex Gates 
are tight on inlet seat and outlet seat over a wide range 
of pressures. 


new Crane Flex Gates 
can be used singly in some services where two conven- 
tional gate valves are frequently specified. You can save 
substantially on piping costs. And they have been ex- 
haustively field tested. 


new Crane Flex Gates 
can be serviced—body seat rings replaced or seating faces 
refinished—quickly without painstaking accuracy. Slightly 
off-taper seats do not affect tightness or operating ease. 


new Crane Flex Gates 
will easily outperform any conventional solid wedge disc 
valve you now use. And there’s no increase in price. 


these new Flex 
Gates are completely dependable. You can use them 
with complete confidence on steam, water, gas, oil or oil 
vapor service. Stem and dise seating faces are Crane 
Exelloy. Shoulder-type body seat rings are Exelloy or 
Crane No. 49 Nickel Alloy. Sizes 12 inch and smaller; 
150- and 300-pound pressure classes. 
o 7 . ” e 
Ask your nearby Crane Distributor for full information 
on Flex Gates—and for data whenever you work with the 
products Crane makes. He has the newest in information 
and products. Crane Co., Industrial Products Group, 
4100 South Kedzie Avenue, Chicago 32, Illinois. 


® 


CRANE 


VALVES + ELECTRONIC CONTROLS + PIPING 
PLUMBING + HEATING «+ AIR CONDITIONING 





The Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence—a feature which provides posi- 
tive and eflicient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning arc, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


© 100% cleaning efficiency 
¢ minimum steam consumption 


° superior high temperature 
resistance 


For severe high temperature locations, 
“super service” elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 
free operation. 





@ single chain operation 

®@ individual elements adjustable for high pressure 
service by orifice plate valve 

®@ full steam pressure over entire cleaning are 

®@ selected gear ratios for optimum rate of element 
rotation 


ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


@ minimum pressure drop through valve body 

® machined air seal with spring loaded seat 

® complete vacuum breaker protection 

®@ precision swivel tube alignment lessens stuffing 
box packing needs 

®@ load carried on ring type thrust bearings 











For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies , 
Charlotte Salt Lake City 
Richmond Houston 
Denver Kansas City 


Washington, D.C 
Atlanta 
Tulsa 


Los Angeles 
Cincinnati 
Indianapolis 


Boston 
Seattle 
Paul 


Cleveland 
Detroit 
Pittsburgh St 


New ‘ of h 
Philadelphia 
Chicago 


4030 Chouteau Avenue, St. Louis 10, Missouri 


June 1960 , COMBUSTION 





@ Four of many Yarway Welbonds installed in Four Yarway Welbonds on main steam line fo 
large eastern public utility plant. Steam pres- turbine at southern power plant. Press. 2310 
sure 1850 psi; temperature 1000°F. psi; temp. 1000°F. Over 100 Welbonds here. 


ps 


GUIDED VALVE STEM OF 
#321 STAINLESS STEEL 
—will not ‘pit’. Self-aligning, 


stellite-faced disc. \ 


HIGH TEMPERATURE \ 
INHIBITED STEM PACKING 


—furnishes double insurance 
against packing leaks. 


UNIQUE SEAT DESIGN 
Thermal compensating groove 
prevents distortion during 
assembly welding and 

when welding valve into line, 
permits perfect seating of disc 
for positive seal 

Integral seat is stellite-faced. 


@ Six of 900 Yarway Welbonds at southwest 
utility. Boiler drum pressure in this plant— 
2150 psi; superheat temperature 1005°F. 


EASY-GRIP, 
VENTILATED 
HANDWHEEL 


ACCESSIBILITY 

—all working parts readily removed 
through top of yoke. Jack action 

of stem forces out old packing. 


ONE-PIECE FORGED 
CHROME-MOLY STEEL 
BODY AND YOKE 


————= FASY FLOW BODY 
—smooth inner contours 
cut down turbulence and 





reduce pressure drop. 


WHY VERWAY WELBONDS ARE SPECIFIED 
FOR HIGH PRESSURE VALVE JOBS 


WELBOND valves—because they are designed specifically to provide better, 
longer maintenance-free service in high pressure/high temperature power 
plants—have won resounding acceptance from boiler room operators every- 
where. WELBOND performance speaks for itself. 


Look at the advantages above! Try WELBONDs in your plant—for high 
pressure boilers, in all general services requiring small valves (%” through 
2%”). Write for free Yarway Bulletin B-454. 


YARNALL-WARING COMPANY, 100 Mermaid Ave., Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 
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YARWAY 


A MARK OF QUALITY 
IN STEAM ENGINEERING 





"x _« HERE’S WHY BEACON COAL 


,con 


Name . County 
of Coal Character Mine | & State 








Sonman Sonman Cambria (Pa.) 
Central Pennsylvania 
Low Volatile 

Colver Colver “7 | Cambria (Pa.) 


+ + 





- —-- ——- - a . —- - — — $$ $$ ——$ $$ $f 


Central Pennsylvania 


Medium Volatile Meicroft B”’ or Miller Fayette (Pa.) 


Indian Creek 





Northern 4 i ; 
Federal West Virginia Federal #1 Pittsburgh Marion (W. Va.) 





— - ——EE Ne 


Beckley Eccles #5 Beckley Raleigh (W. Va.) 


Sewell Eccles #6 Sewell Raleigh (W. Va.) 


Southern 


gpl Stotesbury #8 Pocahontas Raleigh (W. Va.) 
West Virginia 
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Low ; 
New River Stotesbury #10 Pocahontas Raleigh (W. Va.) 
Volatile 


Stotesbury #11 Pocahontas Raleigh (W. Va.) 


Pocahontas Keystone Pocahontas #3 McDowell (W. Va.) 





Beards Fork Fayette (W. Va.) 





Southern 
West Virginia Kopperston #1 Eagle Wyoming (W. Va.) 
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and 
Eastern Kopperston #2 Campbells Creek Wyoming (W. Va.) 





Kentucky 

High Wharton #1 Hernshaw Boone (W. Va.) 

Wharton Volatile | 7 a a <i 
Wharton #2 Hernshaw | Boone (W. Va.) 
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CAN GIVE YOU THE COAL 


Railroad 


District 


6, 


Sizes Made 


er, 


YOU NEED 


Name 
of Coal 








Penna. 





C&Il 


B&O 





Monongahela; B&O 


Egg; Stoker; M/R; N&S; Slack 


Sonman 





N&S; Slack; Stoker; Nut 


Colver 








M/R; N&S; Slack 


Indian Creek 








Lump; Egg; Nut; Stoker; M/R 
N&S; Slack 


Federal 





C&O; N&W 


Scr. M/R; Stove; N&S; Slack 


Beckley 





C&0;N&W 


oe ——_—_—_ 


Scr. M/R; Stove; N&S; Slack 


pee 


Sewell 





C&0; N&W 


Stoker; M/R; Slack 





C&O; N&W 


Stoker; N&S; Siack 





M/R; Slack 


New River 





Egg; Stove; Nut; Stoker; 
M/R; N&S; Slack 


Pocahontas 





M/R; N&S 





M/R; N&S; Slack 





M/R; Nut; N&S; Slack 


No. 2 Gas 





M/R; N&S 








M/R; N&S 


Wharton 





HAGAN NEWSLETTER — JUNE 


Behind the panel 


DATA LOGGER ON WHEELS FOR MULTI-PLANT PETROLEUM CORPORATION 


Designed for a major European oil producer, this new departure in data processing will consist 
of a Series 2000 Kybernetes Data Logger mounted in a trailer. The trailer will not only house 
the 100-point data system, but will also contain its own regulated power supply equipment, 

so that only the inputs from process transducers and unregulated plant power will have to be 
connected at the plant site. The Kybernetes system will be used to monitor operating conditions 
during the various phases of the start-up of new petroleum refining, petrochemical and chemical 
plants. Later, the equipment will be used for periodic checks throughout the corporation's 
plant complexes 


In addition to logging 100 process variables, the Kybernetes system continuously scans for 
off-normal conditions. Process engineers will also use the system for dynamic analysis... 
selected groups of critical variables will be scanned at the rate of four points per second 
and recorded on high-speed punched tape for subsequent analysis. Hagan was awarded this order 
on the basis of a 5-year analysis of available equipment. The corporation's engineers decided 
that only the Kybernetes system was reliable enough for this type of service. (Details on 
request--Ask for Item N-1) 


ANOTHER ELECTRONIC COMBUSTION CONTROL SYSTEM FOR STEEL 


Another Hagan PowrMag (magnetic amplifier) combustion control system for the steel industry 

is on order, this time for a bar heating furnace. To be fired with a combination of gas and 
oil, the furnace will be equipped with Hagan PowrLog recorders and PowrMag controllers. Basic 
in the selection of a solid state electronic system is the desire to make possible more 
centralized control, and the ability to transmit operating information over longer distances 
than is possible with pneumatic systems. The straight-forward engineering, simplicity and 
high reliability of Hagan PowrMag systems also played a large part in its selection. 

(Details on request--Ask for Item N-2) 


OPEN HOUSE DAY VISITORS SEE UNSCHEDULED EVENT 


A brand new utility central station in the Mid-West was holding open house for their own 
officials and for invited representatives of other power companies in the area. During the 
course of the morning, another station in the same network dumped a 100,000 KW load due to 
electrical difficulties. The resulting surge overloaded the new station and the circuit 
breakers tripped out. Within fifteen minutes, the station was back in service, having demon- 
strated to the visitors that all equipment was well able to handle emergencies. Station 
officials were particularly proud of the performance of the control systems. As shown on the 
charts, the Hagan combustion, steam temperature and feed water control systems kept operating 
on full automatic during the unexpected shut-down, start-up period. (Details on request-- 
Ask for Item N-3) 


AUTOMOBILE RADIATORS PROTECTED VIA HAGAN CONTROLS 


Automobile radiator thermostats are pre-coated with solder and clamped together before being 
sent through a muffle furnace for brazing into a complete unit. To maintain flexure life, 
solder penetration must be firm, yet held to a minimum, therefore accurate control of furnace 
temperature is a must. The control system uses a Hagan Model P amplifier and a PowrMag con- 
troller...with these, furnace temperature of 1400F has been maintained within +1°F, well 
within the required limits. Since solder penetration is a direct function of time and temper- 
ature, rejects will be held to a minimum by the accurate regulation made possible by the 
Hagan controls. (Details on request--Ask for Item N-4) 


HAGAN CHEMICALS & CONTROLS, INC., Hagan Center, Room 713, Pittsburgh 30, Pa 


HAGAN DIVISIONS: CALGON CO.—HALL LABORATORIES — BRUNER CORP. 
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MACHINES THAT MAKE 
ENGINEERING DREAMS COME TRUE 


THE Pump is one of the oldest mechanical devices 
used by man. And “engineers” from pre-history and 
the middle ages dreamed-up some ingenious ma- 
chines for the elevation of liquids. Fourteen of these 
ancient and medieval devices are illustrated and 
described in this Anniversary Booklet which traces 
the development of the pump from its earliest 
beginnings, and also includes a summary of recent 
Ingersoll-Rand developments in pumping equip- 
ment. For your free copy, just send a letter or post 
card to Ingersoll-Rand, 11 Broadway, New York 4, 
N.Y., requesting Bulletin 198. There is no obliga- 
tion, of course. 


fi 


INGENIOYs 


both 


MECHANIsys 


Ancient & Modern 


for the & levation 


Ingersoy; 2 


Rand 


Hydraulics Division 


1860 - 1966 


A CENTURY 


144al0 


11 BROADWAY, NEW 


yYORK 4, .N. ¥. 





No all-around athlete can be tops in all his sports. To really excel in one, he has 
to specialize. That goes too for fabricating and erecting critical piping. For 
general satisfaction, economy and permanent safety, delegate your next job 


of high-temperature, high-pressure piping directly to specialists. Ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


PATENTEC 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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| MAXIMUM EFFICIENCY 


OVER BROAD OPERATING RANGE 


THAT'S THE BUFFALO “BLH’” 
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This Buffalo Fan offers high static efficiency over a wide 
eperating range of the pressure volume curve. Significant 
drive power savings can be realized if you plan to oper- 
ate at times under dampered conditions. Note features 
below that contribute to unparalleled performance of 
this outstanding Mechanical Draft Fan. For installations 










































































up to and including Class IV. 
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Write for Bulletin FD905, 































































































EFFICIENCY AT INLET. Cross-section of inletshows EFFICIENCY IN THE WHEEL. Showing deep, EFFICIENCY THRU THE HOUSING. Not only is the 
smooth passage into wheel formed by curved backward curve of blades in “BLH” “BIH” housing streamlined throughout, but 
inlet bell and mating wheel flange. No flat spots wheel for smooth, quiet handling of air _its unique divergent outlet delivers air to 
to cause turbulence. Fixed or variable inlet spun into the wheel in the direction of | duct with easy, gradual enlargement for 
vanes available (without reducing efficiency). rotation. No waste turbulence. best distribution and static conversion. 


BUFFALO FORGE COMPANY 


BUFFALO, NEW YORK 


Buffalo air handling equipment to move, heat, 
cool, dehumidify and clean air and other gases. 


ion, 
= | Buffalo Centrifugal Pumps to handle most liquids 
Buffalo Machine Tools to drill, punch, shear, bend, silt, ey and slurries under a variety of conditions 
notch and cope for production or plant maintenance. i) — 
[ots 
Squier machinery to process sugar cane, coffee and rice. 
_ Special processing machinery for chemicals. 
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MARYLAND CONDENSER 


DESIGN keeps these points in mind— 


e EFFICIENCY © SIMPLICITY ¢ MAINTENANCE © ECONOMY 


Large steam dome assuring effective distribution Air cooler plenum orifices to control 
of steam to all parts of condenser longitudinal steam distribution 
with minimum impingement 


Joint prepared to suit 
turbine exhaust connection 





Optional stainless or belt type 
expansion joint 


Stiffeners arranged for maximum reinforcement 
and minimum interference with steam flow 


Full tube support plate 
for stiffening 


Laning designed for effecting 
steam penetration 
with minimum pressure loss 


f Large steam by-pass areas 



























































for reheating and deaerating 


| WE 
a ] - . Air offtake 
Sufficiently numerous | | t ii 


- _ . qT . 
large manholes —-— vi H ns All return connections 
; : ALLE | 


NY have impingement baffles 














Deaerating hotwell vents 





A * Ts Reheating and deaerating 
—_ P condensate trays 








Trays arranged for 
hotwell water seal 


All circulating water connections 


streamlined for minimum turbulence Maximum condensate storage capacity 


with minimum height 


WRITE FOR NEW BROCHURE. It’s yours without cost or obligation. 


Industrial Products Division 
Maryland Shipbuilding & Drydock Company 


Baltimore 3, Maryland « Representatives in Principal Cities 
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DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 
operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks — fail rapidly 
in ‘round-the-clock service. 


Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with plenty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 
preparation. 


Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 
the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots . . . 


stacks and breechings turbine interiors 
steam lines precipitators 
kilns coke ovens 
forced and induced draft fans incinerators 
heat-treating furnaces pulverizers 
autoclaves and retorts blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 


NUMBER | for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 





MAINTENANCE 
FOR METAL 








HYDE PARK, BOSTON 3 MASSACHUSETTS 


Coatings for all temperatures to high heat — 
all corrosive environments. 


fort 
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Snop- 
assembled 


to 120,000", 


capacity 


Designed for Industry by 


C-E shop-assembled boilers are available for a wide range of industrial, 
commercial and institutional applications. They are produced by the 
same C-E engineers who design the world’s biggest and most efficient 
utility boilers—with capacities to 4,000,000 lb/hr and pressures to 5,000 
psi. For the most economical solution to your steam or high-temperature 
water problems, write to C-E, outlining your requirements. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 





le 


To 90,000 Ib/hr to vVP—A compact, economical, natural 
circulation, package boiler for the majority of industrial 
requirements. Steam capacities from 4,000 to 90,000 lb/hr; 
pressures to 700 psi; temperatures to 750 F. Most sizes 
shipped complete with firing equipment for oil or gas, set- 
ting and forced draft fan arrangement. 


GOODFE 


weeny mo 
RS ond EREC 
LER 4 06 


XW 


To 50,000,000 Btu/hr . . . Type HCC — High-temperature water 
boiler, shop-assembled, widely used for large-scale, eco- 
nomical heating of commercial and industrial installations 
— including many military air bases. Controlled circula- 
tion, pressurized oil or gas-fired from 10 to 50 million Btu; 
coal-fired to 40 million Btu. Field-assembled units to 300 
million Btu. 





To 120,000 Ib/hr . . . Type PCC —Shop-assembled controlled 
circulation boiler providing high output and high tempera- 
tures in a compact, high-performance unit. Capacities— 
80,000 to 120,000 lb/hr; pressures to 1,000 psi; tempera- 
tures to 900 F. Designed for minimum installation, opera- 
tion and maintenance costs. 


Ub pom 


To 50,000 Ib/hr... Tee WwCC —Shop-assembled. Utilizes 
waste heat from open hearths or chemical processes. C-E 
controlled circulation design obtains big boiler perform- 
ance from space-saving units. Capacities to 50,000 lb/hr— 
and up, depending on waste heat conditions—with pres- 
sures to 450 psi and temperatures to 750 F. Capacities of 
field-assembled units are virtually unlimited. 


UTILITY-BOILER ENGINEERS 


Write for catalogs — 


C-E PACKAGE BOILER, 
TYPE VP 


COMBUSTION 


Combustion Engineering Building 


C-E CONTROLLED CIRCULATION 
PACKAGE BOILER, TYPE PCC 


C-E CONTROLLED CIRCULATION 
HOT WATER BOILER, TYPE HCC 


ENGINEERING 


200 Madison Avenue, New York 16, N. Y. 


CANADA: COMBUSTION ENGINEERING-SUPERHEATER LTD. C-277 
PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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STOCK Equipment Company 
announces 


a New Volumetric Feeder for Short Center Installations 


Outstanding Features: 


e Endless belt 
e Unobstructed 24” width of coal 


e Large depth of coal to enable passage of occasional large 
pieces or frozen lumps of coal 


e Curbs along edges of belt 

e Variable speed drive utilizing magnetic slip clutch 

e 50 psi explosion pressure housing for feeding pulverizers 
e Belt change easily completed in 20 minutes 

e Lights and bull’'s-eyes 

e Poke hole next to inlet 

e Stainless steel bottom liner 


e Swing switch at outlet to stop feeder in event of coal 
stoppage in downspout to pulverizer 


e Swing switch at inlet as required 

e Models available for pulverizers and cyclones 

e Centerline of inlet to centerline of outlet 2’-8”, standard 
e Intermediate centers 3’-8”, 4’-8”, 5’-8” 6’-8”, 7'-8”. 


Long Center and Gravimetric Feeders are also available. 


For better feeding of coal to 
pulverizers and cyclones, write to 


Equipment Company 


749 HANNA BUILDING ° CLEVELAND » OHIO 
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CUPRO NICKEL salt water circulating line sections to serve auxiliary condensers 
thoard gypsum rock carriers recently fabricated by Boro Marine & Industrial Corp 


Wide variety of Cupro Nickel piping for salt water 
lines is readily made from sheet by welding 


Circumferential joints are welded manu- 
ally. Longitudinal seams are welded in 
mechanized equipment by inert-gas 


metal-are processes 


28 


Ever higher velocities in salt water lines 
and the growing economic importance 
of continuity in service, on shipboard, 


and also in tidewater powel plants and 


oil refineries, are leading to increasing 
use of Cupro Nickel in piping 

Techniques and skills for economical 
fabrication of even the most compli- 
cated elements of Cupro Nickel piping 
systems are keeping pace. Boro Marine 
& Industrial Corp., Port Richmond, 
Staten Island, N. Y., a specialist in the 
field, forms piping in sizes 6” to 24” 
diameter from Anaconda Cupro Nickel 
stock sheet, usually 48” x 96” x 3/16”. 
Elements shown above indicate the 
variety possible Seamless tubing is 
used for smaller diameters 

Boro Marine fabricates piping from 
both Cupro Nickel 30%-702 and Cupro 
Nickel 10%-755. The trend, however, is 
to Cupro Nickel 10%-755 for the ma- 
jority of salt water line installations on 


commercial vessels and in industrial 
jobs, according to M. E. Wuens« h, pres- 
ident. The alloy was developed by Ana- 
conda for this kind of service. It is 
resistant to corrosion by both clean and 
polluted sea water, even at relatively 
high velocity of flow, and is resistant to 
corrosion by sea water containing air 
bubbles 

TECHNICAL ASSISTANCE. For help in select- 
ing the alloy best suited for a particular 
job in heat transfer and piping systems, 
call in your American Brass representa- 
tive, or write: The American Brass 
Company, Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd.. New Toronto, Ont 6066 


ANACONDA 


CUPRO NICKEL MILL PRODUCTS 


Made by The American Brass Company 
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Suppose you had to 


ONE PART IN A BILLION 


Working alongside of men designing pumps, 
condensers, ejectors—all the major com- 
ponents of the fluid handling group—these 
specialists have unparalleled experience in 


The true counter current principle used in Worthington 
tray deaecrators: (1) water enters; (2) water is atomized 
into primary heating chamber; (3) water flows over 
staggered rows of heating and deaerating trays; (4) water 
finally falls freely through pure steam to (5) storage; 
(6) steam enters at bottom only; (7) steam swe all non- 
condensable gases upward; (8) mixture vents through 
suitable baffles 


find... 


One grain of sand in this sand box is about 
one part in a billion. (6 cu. ft. of 40 mesh 


sand). Imagine throwing in a few grains of 


salt and finding them again. Impossible? 
Well, Worthington deaerators do com- 
parable work. 

To protect the fluid handling equipme:t 
in modern multi-million dollar steam gen- 
erating plants Worthington tray deaerators 
do a similar task. They “sift” through the 
water to leave as little as two... three... 
four and frequently no more than five parts 
oxygen in one billion parts effluent as the 
deaerator operates from less than 10% to 
over 100% rated load. (An equivalent job 
is done by Worthington spray-type designs.) 

Why do Worthington tray deaerators 
perform so well? First, they’re among the 
few built with the more efficient counter- 
flow design. Second, by passing inlet water 
through spring-loaded spray valves, ideal 
atomization and distribution are guaranteed 
over the entire load range. 

But another basic reason is Worthington 
engineers who concentrate on deaerators. 





“‘system-matching”. Very important, too, 
are our research facilities in which de- 
aerators are continually on test. 

In fact, Worthington has 105 years of 
experience that bears on fluid handling 
problems in both conventional and nuclear 
power plants. To draw on this experience 
—-or just to talk deaerators—contact your 
nearest Worthington district office. Or write 
to Worthington Corporation, Section 45-17, 
Harrison, N. J. In Canada: Worthington 
(Canada) Ltd., Brantford, Ontario. 


WORTHINGTON 











The Story Ol ward Resear 














and the Pressure-seal Valve 


The introduction, in 1945, of commercial steel valves with pressure-seal bonnet joint 
construction was a significant advance in the art of building large high-pressure steel valves. 
The new pressure-seal construction eliminated massive flanged bonnet joint connections and 
made it possible to seal the valves permanently at high temperature. These advantages were 
immediately apparent to users everywhere. But bonnet joint leakage problems developed on 
the new valves in service. And Edward engineers soon became convinced that the original 
45° pressure-seal gasket design used by Edward and others required improvement. Here’s 
the Edward pressure-seal redesign story: 


INITIAL TESTING— Edward engineers 
began their studies on leak problems 
in 45° gasketed pressure-seal valves 
by determining under what condi- 
tions the valves were most likely to 
leak. It was discovered that when 
sealing areas were thoroughly de- 
greased and tested with air, the 
pressure seal would leak at all pres- 
sures above 10 psi. In addition, 
minute imperfections in the sealing 
area of the valve body bore were 
preventing intimate gasket contact 
and contributing to leakage. Edward 
engineers found that a broader area 
of contact between gasket and bon- 
net and between gasket and body 
bore would also reduce leakage. Fur- 
ther investigation showed that a 
gasket plating material softer than 
the silver plating previously used 
would be helpful in achieving better 
contact in the sealing area. 

To obtain more gasket sealing 
area, experiments were conducted 
on gaskets with angles from 45 
down to 17°. Over a period of several 
months, tests were made with 25 
different combinations of gasket and 
bonnet angles and various gasket 
plating materials. Assembled valves 
were tested for tightness with air 
pressures ranging from 10 psi to 2160 
psi, and at temperatures up to 1000 F 
for extended periods. And tests on 
ease of valve disassembly (an im- 


P. J. DUKES, product development engineer, 
and D. MacGregor, works manager, are shown 
with helium leak detector used in testing pres- 


sure-seal valve joints 


Peper 


portant user consideration) were 
made with each gasket combination. 


TEST CONCLUSIONS—At the end of 
their extensive testing program on 
the pressure-seal design, Edward 
engineers were able to draw these 
conclusions: 


1. 45° gaskets, which showed no leak 

on water tests, leaked air at 
similar pressures. 
No gasket of any design, either 
plain or with a plating of 100 
Brinell or harder, would seal air 
when assembled unlubricated. 

. The best sealing under test re- 
sulted with a 25° gasket angle 
which was 1° more acute than the 
bonnet angle. 

. Gaskets of 25° angle actually 
tripled the sealing surface area. 
A stainless inlay in the valve 
body bore sealing area substan- 
tially improved gasket-to-body 
contact and provided a corrosion- 
resistant surface. 

. Gaskets of 25° angle, plated prop- 
erly with a malleable coating, 
gave perfect air or steam sealing 
at all temperatures, whether as- 
sembled dry or with a lubricant. 


NEW VALVE DESIGN— As the result of 
their tests, Edward engineers de- 
signed the completely new pressure- 


NEW 25° GASKET DESIGN 


seal valve with 25°-65° joint (see 
diagram below). This change in gas- 
ket angle, with an increase in sealing 
surface area, and the addition of a 
special corrosion-resistant malleable 
coating, brought an end to bonnet 
joint leakage in Edward pressure- 
seal valves. And, since 1953, thou- 
sands of Edward pressure-seal valves 
have been installed in a great variety 
of services without a single case of 
failure reported to date. 

The story of Edward research and 
the pressure-seal valve is typical of 
the kind of research progress and 
product leadership you can expect 
from Edward Valves. Edward builds 
a complete line of forged and cast 
steel valves from '4" to 18” for in- 
dustrial, marine, petroleum and tech- 
nological services. For more detailed 
information, contact your Edward 
Representative, or write Edward 
Valves, Inc., 1206 West 145th Street, 
East Chicago, Indiana. Subsidiary 
of Rockwell Manufacturing Com- 
pany. Represented in Canada by 
Lytle Engineering Specialties, Ltd., 
438 St. Peter Street, Montreal. 
*Patented 


EDWARD STEEL VALVES 


ROCKWELL 





SEGMENTAL 
RETAINING 
RING 


SPECIAL GAS-FIRED FURNACES were used in 
temperature testing of new pressure-seal valve 
design. Furnaces heated valves up to 900 F for 
24 hour periods. Pressure was maintained with 
hydro-pneumatic pumps. 














Indian Point Station as it looked in April this year, showing some of the piping to be installed by Kellogg’s Power Piping Division 


NUCLEAR POWER PIPING BY KELLOGG 


Construction progress at Consolidated 
Edison Company’s Indian Point Sta- 
tion demonstrates how Kellogg’s broad 
erection experience can take tomor- 
row’s newest and toughest power pip- 
ing requirements in stride. 

At this unique 275 Mw nuclear 
steam electric generating station, 
Kellogg has a contract to manufac- 
ture, deliver, and to erect all stainless 
and carbon steel nuclear piping for 
the inside of the reactor sphere, and 


AA\ 
KELLOGG 
5 6] 
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POWER PIPING DIVISION 


all power piping for the conventional 
portion of this plant. Kellogg also 
stress-analyzed the major portion of 
this piping. Much of the stainless pip- 
ing will be manufactured in Kellogg’s 
Williamsport plant. 

The particularly rigid specifications 
of high quality and close tolerances 
required the assignment of a special 
engineering staff to the site. This staff 
plans, coordinates and supervises 
each step of Kellogg’s erection assign- 


ment. One important phase entails 
over 2200 critical welds, most utiliz- 
ing Kellogg’s K-Weld technique. An- 
other is the radiographic inspection of 
each weld, which Kellogg is under- 
taking with its own equipment and 
personnel. 


Kellogg welcomes inquiries for its 
stress analysis, metallurgical, engi- 
neering, manufacturing and erection 
services. 


- THE M. W. KELLOGG COMPANY 


711 THIRD AVENUE, NEW YORK 17, N. Y. + A SUBSIDIARY OF PULLMAN INCORPORATED 


Offices of Kellogg subsidiary companies are in Toronto, London, Paris, Rio de Janeiro, Caracas, Buenos Aires. 


June 1960 / COMBUSTION 





~~, 


a 


Ammunition 
for the 


waron dust! 


Fighting dust is the purpose of this load of Cyclo-trell C10 
“shells.” @ Cyclo-trell units for process gas or air cleaning in 
steel mills, refineries, paper, cement or chemical plants 

give you high efliciencies. & Engineered to fit each specific 
job, Cyclo-trell units are available in a wide range of sizes and 
types including C10, C24, IC (Involute Cyclo-trell) and 

ICL (Involute Cyclo-trell, Lined). & Why not let us consult 
with you on your specific dust collection problems? For 


TYPE a further information, write for Bulletin 300 which describes 
C10 
CYCLO-TRELL 


Research-Cottrell aipn 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. ial 
Representatives in principal cities of U.S. and Canada nc-208 


several applications in detail. 
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RILEY RX BOILER UNIT— RILEY STOKER CORPORATION 


Continuous Unit Capacity . . 250,000 Ibs. steam per hour 
Peak Capacity ... . . . 275,000 Ibs. steam per hour 
Operating Pressure. . . . . . . 415 psi (Future 850 psi) 
Steam Temperature ..... . . . 7ZS5OF (Future 900°) 


REPUBLIC ELECTRUNITE BOILER TUBES meet the severe curvature 
af boiler design. Full normalizing, uniform wall thickness, and 
true concentricity assure easy workability and in service 
dependability. Bends are smooth and uniform. Rolling-in 
operations are easier. Results: greater savings in installation 
time and operating costs. 





more power for the city of Painesville... with 


REPUBLIC ELECTRUNITE BOILER TUBES 


Push a button, flip a switch— power to operate schools, 
factories, and the convenience of modern living 
originates in the boiler units of power plants. And a 
great share of boilers are constructed of Republic 
ELECTRUNITE” Boiler Tubes. 

Painesville, Ohio, a growing community in the 
heart of industrial America, has just installed an 
additional Riley RX Boiler Unit in its municipal 
power plant. 

Designed, engineered, erected by Riley Stoker 
Corporation, Worcester, Massachusetts, the RX has a 
continuous unit capacity of 250,000 Ibs. of steam per 





FARROWTEST REJECT TABLE 





Defective Area 
(Length, 
Depth Plane) 


Minor dimension 
of the defect 
(Length or Depth) 


Wall 
Thickness 
(B.W. Gage) 





.0025 sq. inches 
.003 sq. inches 
.003 sq. inches 
.004 sq. inches 
005 sq. inches 


20 

18 

16 

14 and 13 

12 and heavier 


.006”” 
12'’2A% of wall 
12'2A% of wall 


I 
I 
! 
i 
” bd 
.006 { 
I 
| 
122% of wall 


I 
I 
! 
+ om 
t 
| 
I 
I 
I 
i 





FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, a tube with defect area equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 
area than shown in table, at extra cost. 








FARROWTEST—QUALITY YOU CAN MEASURE. Not a laboratory theory, not a 
mere inspection tool, but an exclusive production test that detects and rejects 
tubing containing defects of critical size. FARROWTEST is offered as an 
alternative to other less positive tests in accordance with the table above, 


at no extra cost 


REPUBLIC ELECTRUNITE STAINLESS STEEL HEAT EXCHANGER TUBING resists cor- 
rosion and provides long trouble-free service for main surface condensers 
in utility power plants where water is used directly from natural sources. 
Call your Republic representative for additional information, or send coupon. 


are) 
ayy TY) 


hour, peak capacity of 275,000 Ibs. of steam per hour 
and an operating pressure of 415 psi at a steam 
temperature of 750F. The RX Unit is fired by a Riley 
Traveling Grate Spreader Stoker. 

Republic ELECTRUNITE Boiler Tubes are accepted 
by boiler designers, cogineers, and manufacturers. 
ELECTRUNITE is produced to meet ASTM specifica- 
tions, the ASME Boiler and Pressure Code, and boiler 
insurance requirements. 

For boiler, heat exchanger, condenser, or evaporator 
tubes, get ELECTRUNITE facts first-hand. Call your 
Republic representative, or write direct. 


 / 


i AR AAS | a: FF 
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REPUBLIC STEEL 
Werled Wiest Rouge 
of Sttudlard, Stbols andl Sto pedi 


REPUBLIC STEEL CORPORATION 

DEPT. CB-9758 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send more information on the following products: 

O Republic ELECTRUNITE Boiler Tubes 0 FARROWTEST® 
O ELECTRUNITE Stainless Steel Heat Exchanger Tubing 


Name 





Firm 








Address____ 





City Zone____ State___ 





BUELL 
CAME 

UP 

FAST 

ON 

THE 
OUTSIDE! 


In fly ash collection tne specification of electric precipitators 
is...increasingly... “Buell”. The 1959 central station design survey 
published by POWER magazine in October, 1959 shows that Buell 
installed 8 out of 22 precipitators. And that high proportion was not 
surpassed even by the longest-established manufacturer in the field! 
@ Why this fast-growing demand for Buell electric precipitators? 
There are many reasons. Unique design features minimize mainte- 
nance and provide exceptionally high efficiencies. In 10 years of 
selling Buell SF Electric Precipitators, the number of spare and re- 
placement parts ordered from Buell has amounted to less than 2% of 
the total sales! You seldom replace Buell’s exclusive ‘Spiralectrodes,’ 
because the rigid fastening makes sure they won’t break. Their pre- 
cise construction of strong-heavy stainless steel prevents rust and 
corrosion. See for yourself some of the 

reasons why men in many industries are 

specifying Buell SF Electric Precipitators. 

Send now for details. The Buell Engineering 

Company, Inc., Dept. 70-F, 123 William St., 


New York 38, N.Y. Northern Blower Division, ; 
6404 Barberton Ave., Cleveland, Ohio. (Sub- hy re ge. fe) 
Sidiary: Ambuco Ltd., London, England.) 
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EDITORIAL 





On Mountain Climbing 


How refreshing it is to be wrong, and know it! The plight of the climbing party 
recently stranded on an Alaskan mountain top had us very much concerned for a time. 
Why, we thought, should these foolhardy adventurers having got themselves into trouble, 
ask hundreds of rescuers to leave their homes at risk of life itself to save them? 

\nd then came the light. It was not our place to judge. The rescuers went to the 
task of their own free will--seeing only that fellow beings were in peril and needed aid. 
rhis was a sample of humanity at its best and the matter was, in the words of Lincoln, “‘far 
above our poor power to add or detract.”’ 

Of the climbers themselves what can be said? Thank God we have people such as these 
imong us. So long as there are in our society men who must climb a mountain simply 
because it is there we have little to fear from social decay. So long as we can find men to 
tackle a challenge simply because it is challenging we shall continue to forge ahead in all 
the arts and sciences. 

In engineering as in the exploration of frontiers and mountains these are the men who 
iatter—-who have always mattered. These are the men who will be rewarded, by dollars 
today or renown tomorrow. I doubt that either means very much to them. 

Here are the engineers who are privileged to give to the world because something in 
their nature demands that they go beyond the world’s boundaries of thought and knowl 
edge Out beyond the confining walls of test data and human know-how they venture 
because they must. Out there they will seek and discover and decide. And these are the 
ones we shall call “‘great 
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The May issue of COMBUSTION carried the first 


part of this paper. 


That part discussed the major 


considerations behind an economic evaluation of a 
condenser and the study results of 650 separate 
condensers the digital computer was asked to solve. 
This part gives the actual outline of data and formula 
submitted for programming on the digital computer. 


Economic Sizing of Condensers Through the 
Use of the Digital Compute—// 


MARION J. ARCHBOLD' 


Commonwealth Edison Company, Chicago, Illinois 


FRANK V. MIHOLITS' 


Commonwealth Edison Company, Chicago, Illinois 


THE PROBLEM 


ro determine the economic sizing of a condenser for a 
300-Mw unit the following variables were used 


Nine condenser surfaces, ranging from 150,000 to 


30,000 sq it at 10,000-sq it increments 


Kight tube lengths varying from 3S to 52 ft 1m 1n 


crements of 2 It 
rhree tube diameters , and | in 
Three 


Ips 


cooling water velocities ie) 7 and 7 


lo determine the optimum condenser size the total 


present valued cost of each size was calculated, covering 
a 35-yr period his included the carrying charge on 1n 
vestment, coal, and pumping cost, and capability evalua 
tion 

rhe investment cost comprised the cost of the shell 
erection, erection circulating water 


tubes supervision 


pumps and motors, spring supports and support jacks 
circulating water pipes, valves and traveling screens 


Items which cost the same for all condenser sizes, such 


as steam jet air evactors and hotwell pumps, were not 


included im the investment costs 

rhe pumping cost covered the cost of the energy re 
quired to overcome the total resistance of the circulating 
intake 


piping and valves 


water system, including the and discharge tun 


nels, screens, condenser 


nference, Chicago, Ill., March 29 
of the Conference 


American Power ( 
and published by permission 


* Presented at the 

uoder the same title 

t General Mechanical Engineer 

t Engineer, Office of Manager of Engineering 

§ Engineers Mechanical and Building Engineering De 
Methods Analyst, Program Division Revenue Ac« 


partment 


uunting Department 
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By 


AMI LEIDNER' 


Commonwealth Edison Company, Chicago, Illinois 


CONRAD E. PERSON 


Commonwealth Edison Company, Chicago, Illinois 


The cost of fnel was computed by using four loads, 
namely: 325, 284, 203 and 144 Mw: four circulating 
water inlet temperatures: 38.87, 45.62, 54.5, and 65.92 F 

For one condenser size and one circulating water inlet 


temperature, the heat transfer rate ‘‘l from steam to 
cooling water, is determined for a particular load and at 
Hg vacuum according to the Heat Ex 
change Institute Standards. The weight of steam in Ib 
per hr entering the condenser and the heat rejected per 
lb of steam to the cooling water are determined. Using 
these factors the computer calculates the vacuum. If 


an assumed 1-in 


a difference between assumed |-in. Hg. condenser pres 
sure and the calculated pressure 1s ().01 in. Hg or less, the 
calculated pressure is accepted for the particular load 
and water temperature. If this difference is greater than 


0.01 in. Hg the calculated pressure becomes, in turn, the 


assumed pressure and the process is repeated until the 
For every pressure, at a 


accepted pressure is obtained 
particular load, the heat rate is found from the correc 
tion [he heat rate multiplied by the total 
number of kwhr and by the cost per Btu of coal results 
in the cost of coal for a particular load and circulating 
water inlet temperature 

rhe circulating water pumping cost is calculated sepa 


curves 


ratelv for two cases 


|. Both pumps operating at ali loads and circulating 
water inlet temperatures 
soth pumps operating as above except for the two 
upper loads and two lower circulating water inlet 
temperatures when only one pump operates 


vacuum the turbine will have a different 
The 315-Mw load at 31/2 in. Hg 


For each 


capability evaluation 
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is used as the capability base and is subtracted from the 
number of kilowatts corresponding to the computed 
vacuum for each alternate. This difference, multiplied 
by the investment cost per kilowatt, determines the 
value of the additional output of the turbine with respect 
Since it was considered that maximum 
demand on the system would occur when the circulating 
70 F, capability differences 
were evaluated only for this temperature. Realizing that 


to the above base 


water temperature was at 


TO DETERMINE 
I. Investment Cost, Present Valued 
II. Pumping Cost, Valued, 
Operation 


Present Two-Pump 


Ila. Pumping Cost, Present Valued, One- and Two 
Pump Operation 

Coal Cost 
tion 

Coal Cost, Present Valued, One- and Two-Pump 
Operation 


III Present Valued, Two-Pump Opera 
Ila 


IV. Capability Evaluation, Present Valued 


GIVEN VALUES 


Condenser surface (.S 
250,000 sq it 


150,000, 160,000, 170,000, 


Cooling water velocity (1) 6.5, 7.0 and 7.5 fps 
Actual tube lengths 38, 40, 42, 44, . ae 

Effective tube lengths (1) 37.75, 39.75, 41.75, 43.75, 
51.75 ft 


Diameter of tube 0.750, O.S75 and 1.000 in. 


INVESTMENT Costs, PRESENT VALUED = (: 

+ D+E+F + G+ 8H) X Factor “X”’ 

The factor represents the present value of the carrying 
charge for the 35-yr life of the equipment 
insurance 


It includes 
state and local taxes, depreciation, interest, 


equity return and federal income tax. Since most of the 


above items vary from year to year and from one plant 
location to another 


it is necessary to check this factor 
each time a condenser or unit is calculated 
She | Co 
Length of Tube, 
Ft 
38 
4() 
12 
14 
Hh} 
18 
AO 


9 
OZ 


The factor 1.15 reflects the increased book price of the 


condenser shell since the publication of these figures up 
to the date of this condenser study 


Diameter 

Factor 
1.00 

0.95 


Diameter 


0). 40) 


Shell cost cost per sq ft * diameter factor 
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26-40 


56 and up 


due to the overhaul schedule of other generating capacity 
the circulating water might be a limitation on capability 
at other times of the year, the capability evaluation was 
made at both 90 and 100 per cent of the summer peak 
capability. The two percentages gave the differences be 
tween the two capability charges 

The power used by the circulating water pumps was 
subtracted from the capability of the machine in deter 
mining the capability evaluation 


Valued, 
II] 


Total Cost, Present 

Operation Only: I + II + 

Total Cost, Present Valued , 

For two-pump operation at all loads and tem 

peratures, except for one-pump operation for 

the following: 325 Mw at 38.87 and 45.62 F 

284 Mw at 38.87 and 45.62 F. It was de 

termined that the unit would probably run 

with one circulating pump at these two loads 

and at all temperatures up to and including 
15.62 F 


Two-Pump 
IV V 
Va 


Erection Cost 


Condenser surface (.8 $O.85 &* 115 = erection cost 


C. Erection Supervision Cost 


Condenser surface (.S) $0.13 & 1.15 = erection supervision cost 


D. Cost of Tubes 

Base Price, 
Per Lb* 
0, 6812+ 


Diameter, Sq Ft Per 
In Lineal Ft 


Lb Per 
Linear Ft $ 
419 
$103 
568 


0.750 0.1963 0 
O.875 0. 229] 0 
1.000 0.2618 0 


idd $0.08 per Ib 
Over 


* Over 30 ft tubes up to and including 40 ft 
Over 40-ft tubes up to and including 50 ft add $0.10 per Ib 
50-ft tubes up to and including 60 ft add $0.12 per Ib 

fPublished prices 

Sq ft per linear ft 

Condenser surface 

Number of tubes 

ft 

Potal tube length 1.05 Ib per ft 

Base price extra price (if above 

lb 

Price of tubing total weight = cost of tubes 

t Weights: The actual weight per foot of condenser 
higher than the published theoretical weight for commercial tubes 
of the same alloy Five per cent has been added to the published 
weight to account for this increase in weight 


effective length = area per tube, sq ft 


area per tube number of tubes 
actual length of one tube = total tube length 


total weight, Ibft 
30 ft price of tubing, $ per 


tubes is 


E. Circulating Pump Cost 


Cost of the pump is determined for each case according 
to the following formula 


Cost of pump 0.5533 gpm (1 + factor 


The 0.5533 1s based on a book value $505 per L000 gpm 
+ 10 per cent for price increase 

The factor in the formula represents the deviation from 
the standard head as follows 


Head, ft 


15-25 


Factor 
0.075 0.04 
0.005 x 


(25 required head ) 
(40 required head ) 
0.005 * (required head 1()) 

0.04 (required head —55 


$1—55 


0 O75 4 
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Potal pumping head friction head in tubes + water 


box resistance + circulating water pipe, valves and ex 


pansion joint resistance + traveling screens resistance 


+ tunnel resistance 


Tube and water box resistance per Heat Exchange 


Institute Standards are as follows 
rION HEAD IN TUBE 


f water per linear ft 


FRIC 
Ft 
0 350 
0 400) Z 
0.454 0 370 


*Tube OD, In O75) "0875 0.304 


RESISTANCE 


of water 


BOX 
(Ft 


WATER 


Resistance 
1.205 
1.418 


1.4570 


Velocity, 


Che circulating water pipe is assumed to be sized for a 
velocity of about 10 fps resulting in an average head loss 
of approximately 0.6 ft per 100 linear ft for all flows. The 
iverage head loss in fittings, valves and expansion joints 
is found to be approximately 2.4 ft for all flows. The 
circulating water head excluding the con 

) 


denser tubes and water box ts therefore 2.4 + 0.6 + It 


system loss 
based on an expected 100 ft of pipe 
Ihe 


follows 


tunnel and screens resistance is formulated 


ind screens resistance 2.5 X< 10 (gpm )*, ft 


Funnel 


Phe above equation was developed by the company 


hydraulic engineet 
Che circulating water flow is calculated as follows 
’ iser surface * velocity 


4 irculating wiuter flow 
effective length 


A is a constant depending on the tube diameter, length 


and gage, and number of passes 


SIN¢ PASS CONDENSER, 18 Bweg 


*LI 
OD. In A 
) LSS 
0.155 


0.131 


FOR 


Tube 


Cost 
gpm XX 8.33608 


Hp 
(06) ORD 


S S08 Ib per gal i) 1) OO) motor ethoency 


pump ethers 
Hp 


culating pumy $50,000 


G Springs and Support Jack 
condenser surface 
surtace 


surface 


Cost of jack $.078 K 1.15 


$.08070 condenser 


S031 &K 115 condenser 


‘ost of bolt 


These costs were not included in this calculation since 
this condenser was mounted solidly upon concrete and 
the expansion was taken care of by a “dog bone’ expan 


sion yout 
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Cost of Pipes and Valves 


Cost of Pipes, Valves, 
Fittings and Screens 
$ 88,564 
113,500 
114,500 
128 ,000 
130,000 


Circulating Flow Range, 
Gpm 

150, 000-150 , 900 

151 ,000-179 000 

180, 000-199 , O00 

200 , GOO-209 , OOO 

210, 000-299 , 000 

PRESENT VALUED, —Two-PUMP 


Il PUMPING CosT, 


OPERATION 
Pumping cost, period I 


746 


(4) 


hp x 0 Factor 


Pumping cost, period II 
(1) 


746 y 


(4) 
Factor B 


(2) 


CP 


(3) 
hp xX O 6750 Factor A 
Pumping cost, period III = 

] (2) (3 


746 CP 5080 I 


(4) 


Factor 


(4 


ictor C D 


hp " ) 


> 


(1) Kw/hp; (2) cost of power, $/Kwhr; (3) 


t) present value factors. 


hr/yr; 


otal pumping cost = pumping cost, period I + pumping cost, 


two-pump operation period II pumping cost, period III 


PUMPING CosT, PRESENT VALUED, COMBINATION 


AND Two-PumMP OPERATION 


Ila 
OONI 

One-pump operation at 325 Mw at 38.87 and 45.62 F. 
284 Mw at 38.87 and 45.62 F. 

Two-pump operation for all other loads and tempera 
tures 

The number of operating hours per year during period 
I is 700 hr at 325 Mw and 3330 hr at 284 Mw. The 
circulating water inlet temperatures of 38.87 and 45.62 F 
are the monthly average temperatures for 4- and 2-mo 
periods of the year. 

The number of operating hours with one pump during 


period | 


TOO CO.500) 


12 | , . 9/12 . 
of ] fraction of 
vear with 
15.62 f 
water 


raction 
vear with 
38.87 F 


water 


»/12 


fraction of lic /yt fraction of 


vear with vear with 
38.87 F 15.62 ] 


water water 


Total number of operating hours with one pump 


O.500(700 + 3330 O30 &K O.500 9015 hr. 


Based on the characteristic curves of circulating 


pumps on an existing unit of similar size, the horsepower 


of one pump operating alone is estimated to be about 0.4 
of the horsepower of both pumps operating together. 
Hence, the equivalent number of hours when using the 


horsepower of both pumps asa factor will be 


0.4 S06 hr 


POLS 

rhe total number of equivalent hours in this case will 
be 

ROG OOSL he 


7RO0 PO15 


rhe total number of operating hours per year during 


period I is 7S90. 
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Similarly for period IT: 
325 Mw 
440 (hr/yr) X 0.500 


284 Mw 
2150 (hr/yr) & 0.500 


Total number of operating hours with one pump: 


440)0.500 = 2590 * 0.500 = 1295 hr 


(2150 
Equivalent number of hours: 
0.4 X 1295 = 520 hr 
The total number of equivalent hours are: 
6750 1295 + 520 = 5975 hr 

The total number of operating hours per year during 
period IT is 6750. 
For period III. 


325 Mw 


284 Mw 
790 (hr/vr) & 0.500 


Total number of operating hours with one pump: 


790 &* 0.500 = 395 hr 


Equivalent number of hours: 


0.4 * 395 = 158 hr 


Total equivalent hours: 


5OS8O 395 + 158 = 48438 hr 


The total number of operating hours per year during 
period III is 5080 


Pumping cost, 
(3 
hp x 0 746 . 2 x 6681 
Pumping 
(4 (4) 


hp . 0.746 : : OG: x Factor A Factor B 


Pumping 


(4 (4) 
hp x 446 x x {S43 Factor C Factor D 
(1) Kw /hp; 


(4) present value factor 


) 


cost of power, $/kwhr; (3) hrs/yr; 


ind two-pump operation 
pumping 


mbination one 
pumping cost, period II 


otal pumping cost ¢ 
pumping cost, period | 


cost, period III 


II] Cost oF COAL, PRESENT VALUED 


he cost of coal is to be calculated twice, first for two 
later for and 
The cost of coal is to be calculated 


pump operation and a combination one 


two-pump operation 
for each period of each of the four loads, and each of the 
circulating water inlet temperatures and then totaled as 


follows 

= turbine heat rate X kw X hours 
load and period X fraction of year 
circulating water inlet temperature X recip 
Xx reciprocal of operating efficiency 
present valuc factor 


valued 
pective 


Cost of coal, present 
per year for the re 
for the respective 


rocal of boiler efficiency 


cost of coal per Btu 


Two-PuMP OPERATION 

on ny : 

rhe condenser vacuum must be known in order to de 
termine the heat rate 

The following formulas and tables are used to calculate 
the condenser vacuum for two-pump operation 
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Circulating Water Temp. Correction 

Inlet Temp. Factor—F, 
38.87 0.739 
45.62 0.800 
54.50 0.881 
65.92 0.971 
50.66 0.842 
70.00 0.993 


Tube material and gauge correction factor (Fim) = 1.000 


Tube cleanliness factor (F-) = 0.850 (determined from station 
records on condenser performance ) 


VALUES FOR U,-BASIC HEAT TRANSFER RATE 


Tube OD, In “ : 


0.625 and 0.750 687 
0.875 and 1.000 671 


* Velocity, Fps 


Corrected heat transfer rate (U’) 


Logarithmic heat rejected per lb X condenser flow 


UD 


mean temp. diff U xX condenser surface 


Use Table II to determine the heat rejected per pound. 
The data on Table II was obtained from Fig. 2. Fig. 2 

is the result of cross-plotting the data on Fig. 1. 
Use Table III to determine the condenser flow: 
Heat rejected per lb & condenser flow 


Temperature rise = 7, = - 
500. & 


circulating water flow, gpm 
Tr/MD 
Range = i TMD 


é 


temperature + 
range 


Vacuum temp = circulating water inlet 


Terminal diff = 7D = range T, = T, — T2 
The computer calculated the terminal difference by the 
range minus the temperature rise since this data was al 
ready stored in the machine. The circulating water 
outlet temperature (7,2) was calculated by the 
machine 


not 


rYPICAL HEAT RATES AT VARIOUS BACK 
PRESSURES AND LOADS 


(Btu per kwhr) 


rABLE 


Pressure, 32! 284 
In. Hg ] Mw 
0.3 7536 T7506 
0 
0! 
0 
0 
‘) 
0.¢ 


l 
l 
l 
l 
l 
I 
l 
l 


These calculations are from correction factors given in 
the turbine contract for this turbine. 
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HEAT REJECTED VS. LOAD 


va 


Fig. 1—The above family of curves depict the heat leaving in the steam 
ever a range of load when the turbine discharges against certain back 
pressures 


Ii //) 1s less than 5 F then correct 7, as follows 


/ circulating water inlet temperature + 5 + 7 


rhe corresponding vacuum at the temperature / 
listed on Table I\ 

If the calculated vacuum is within 0.01 in 
assumed vacuum the heat 


lable I 
The turbine heat rate 


Hg of the 


turbine rate can be obtained 


Irom 
I was determined 


lable 
factors to the 


data on 


by applying the vacuum correction con 


tract or given data at | in. Hg 


CONTRA OR DATA Al 


Mw ) 4 
Phrottle flow, Ib 

per hi 
Gsross turbine heat 

rate Btu 

kwl 


INDI 


144 
Mw 
OQ] 
yO 
QOD 
GOR 
4 
OO5 
QU 
OW, 
GOS 
OQ 
LOOW) 
1O02 
LOO8 
104 
1M) 
1007 
LOO 
LOW 
1011 
1012.3 
LOLS 
1014.3 
1015.3 


These rejection rates were worked up from figures 


supplied by the turbine engineers heir figures were 


plotted against the back pressures supplied and then 
cross-plotted to obtain the rejection rates at the loads 
l and 2 


set in the scope of the work. (See Figs 
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HEAT REJECTED VS. VACUUM 


Fig. 2—The information in Fig. 1 has been replotted to picture the heat 
leaving in the steam over a range of back pressures. but under specific 


turbine loads sSBSRaeee 
daa 


—_ ZA of 
7 v= 
ACUUM CORRECTION FACTORS 


PER CENT OF HEAT RAT! 


Phrottle Flow, Lb per Hr 


> (nM) OW) 1. 500.000 Oo) OO} 


80 O00 


The data in the vacuum correction factor table is 
plotted to obtain Fig. 3. The turbine engineers throttle 


flow at 325, 284, 203, and 144 Mw at 1 in. Hg is drawn 


CONDENSER FLOW POTAI 
STEAM 


Lb per hr 


rABLE III—TYPICAI 


Pressure 525 284 203 
In Hg Mw Mw Mw 
; 194.5908 SOH4 384 

S68 . 784 


69 415 
376,388 


l 

l P00 649 
1 382,945 

1 

I 

] 


205 309 872.923 2k, ban 
SOO) OOO) 640). OO 
247,245 902,478 648,973 
259 O95] 911,672 


310 916,275 


110.000 230,000 
1240 76S 
655,584 
1,451,623 658,893 
1,463 ,O72 
1,468, 275 


T6297 923 500 664 


9 9°. 784 666,451 


OOD) 


| 
| 
l 
i, 
l 
| 444,354 l 
l 
l 
l 


ESSURE CORRESPONDIN 


HOOT 

i114 

8192 

Q325 

O519 

L775 

» 2009 

6HOO9 $49] 
6442 5955 
6903 7494 
9111 
, OND 


a2 
912 
S462 3.2589 
OO46 $458 
HOH 3.6420 
0321 : 3.8475 
1O16 + 0600 
1750 
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VACUUM CORRECTION CURVES 

















Fig. 3—The data in the vacuum correction factor table appearing in the 
text has been plotted. With the turbine throttle flows at specific loads (347-, 
325-, 284-, 203- and 144-Mw) the vacuum correction as a per cent of heat 
rate against the 1-in. Hg base can be picked off at these values for different 


b back pressures 


as a vertical line on Fig. 3 
cent of heat rate can now be read from Fig. 3 at 0.5, 1.0, 
1.5, 2.0 and 2.5-in. Hg exhaust pressures at the l-in. Hg 
throttle flows. Using these corrections the turbine heat 
rate at this throttle flow can be calculated for 0.5, 1.0, 
1.5, 2.0, and 2.5in. Hg. This data is plotted on Fig. 4 as 
heat rate versus vacuum with throttle flow at the load 


The vacuum correction as per 


points as a parameter 
While this article 
that the heat rate 
load at the various back pressures, whereas the heat rate 
obtained for constant throttle flow at the 


was being written it was realized 
curve, Fig. 4, was drawn for constant 
was actually 
various back pressures. ‘The heat rate is correct at 1 in. 
Hg but needs some additional modification as the vacuum 
Since the hours of operation 
load 


the turbine specifications should be 


deviates from that pressure. 
of the 
versus back pressure, 
the vacuum correction factors on the 
basis of constant load. It is believed that for this par 
the circulating water inlet temperature was 


unit was set up on the basis of constant 


written to obtain 


ticular study, 
low enough that the condenser selection was uneffected. 

The data on Table V, VI and VII is used to determine 
the remaining items in the cost of coal calculation 


COAT PERIOD I, 


Load Fraction 1/Bhr 1/Op 

of Year off K.Atio 
S04 | ] O45 
8O53 fe 
8975 
89900 
8941 
8953 
8975 
ROOL) 
$941 
R953 


rABLI COST, 10 YR 


River Temp., | 
38.87, Jan., Feb 
March, Dex 


|NQ9 
0 6508 


415.62, Apr 1666 0.98 


54.50, May 2500 


June, Oct 





|_| 


HEAT RATE 
a VS. 
CONDENSER VACUUM 











144 “/ 


7402 


10 
VACUUM —- IN HG 








HEAT RATE BTU/KWH 


























Fig. 4—Heat rate curve was made up from the data in Fig. 3 so thatit 

depicts a constant load at the various back pressures. Actually the heat 

rate data was obtained for c tant throttle flow at the back pressures. 

The heat rate is correct at 1 in. Hg but requires slight modifications as 
the back pressure deviates 





Example: 
Cost of coal for period I at 325 Mw, 
inlet temperature 
Cost of coal = 
Turbine heat rate xX 325,000 
(from Table I at (kw (hr/vr, 
the calculated lable \ 
vacuum ) 
0.3333 x 1/0. 8941 1/0.93 
(fraction of (1/blr. eff (operating eff., Table V) 
vear, Table V) Table V) 
CC-] Factor A 
(cost of coal per Btu) (present value factor 


38.87 F circulating water 


700 


Combination One- and Two-Pump Operation 


For the combination of one- and two-pump operation 
the vacuum should be calculated in the same manner 
except that for the two loads and two circulating water 
inlet temperatures of the one-pump operation. For one 
pump operation the circulating water flow will be ap 
proximately 65 per cent of flow with two-pump operation. 
The water velocity through the tubes will be decreased 
proportionately for one-pump operation. 

The basic heat transfer rate table and temperature rise 
formula must be modified. All the other formulas and 
tables will remain the same 


PERIOD II, 10 YR 


Fraction Blr 1/Op 
of Year off Ratio 
§O4] 1/0.93 
RODS sis 
8975 
R900) 
S941 
8953 
8975 
SOUL) 
8941 
8953 


rTABLE VI—COAL 


Load, 
River Temp., F Mw Hr/Yr 
38.87, Jan., Feb., 325 140) 
March, Dec 284 2150 
P03 2670 
144 1490) 
Nov 325 140) 
284 2150 
203 2670 
144 1490 
141) 


2150 


COST, 


0.3433 


15.62, Apr 0. 1666 1/0.93 


54.50, 
June, Oct 


May, 0. 2500 1/0.938 


65.92, July, 
Sept 


Coal cost 
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Aug., 


Btu 


PRO) 

970 

700 

3330 

203 2890 
144 970 


Prese 
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2500 


2500 


‘nt value = 


Factor 


8975 
S9UO0) 
8941 
8953 
8975 
SUL) 


A 


2, july, Aug 
Sept 


Coal cost /Btu 


= CC-: 


2670 
1490) 

$40) 
2150 
2670 
1490 


Present value = Factor 


0. 2500 


8O75 - 
$OO0) “i 
8O4 | 1/0.93 
8953 o 
RO7T5 
8990) 


A X Factor B 
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HEAT TRANSFER RATE 


Btu per sq ft per I 


Fube OD, In 
0.625 and 0.750 556 
0.875 and 1.00 40 561 


VALUE FOR Us-—BASIC 


per hr 


576 5S8O 
596 
pump Operation '4.225*, 74.550, *4.875 


t Velocity, Fps, One 


1.550 and 4.875 were calculated on the 


The velocities of 4.225, 
basis of 65 per cent of the 
7.0, and 7.5 fps 


two-pump operation velocities of 6.5, 


Femperature rise heat rejected per lb condenser flow 
circulating water flow, 


two-pump operation 


0.65 &* 5OO 


gpm 


(For one-pump operation 


The coal cost calculation for combination one- and 


two-pump operation is the same as for two-pump opera 
tion when the above modifications are added. 


IV. CaAPpaBILity EVALUATION 


capability charge for 
circulating water 
pump power require 
ments 


< ipability credit 
for turbine 


4 apability evaluation 


Capability Credit for Turbine 


lable VIII shows the turbine capability used in this 
study in 0.1-in. Hg increments. These figures were calcu 
lated from the vacuum correction data and the following 


formula 


maximum capability at 1 in. Hg 


LOO per cent change in heat rate 


PERIOD III, 15 YR 
Fraction 1/Blr 1/Op 
River Pemp } \ r/Yr f Year Efi Ratio 
ISNT, Tas Feb., Aa {) ‘) 0 8941 1 03 

March, Dee TOO 0 8953 - 


rABLI COAL COST, 


0 8075 
O S000) 
() SO4] 1/0 43 
0 8453 = 

OS9O75 
0 80900 
0 SO4] 


1/0. 98 
t) RO53 “3 


0 SO75 
1) SY 
0) 8041 


1/0 48 
0 8053 - 


0 8075 


() SYU) 


General Electric Announces New Power 
Industry Service 

J. F. Young, manager of G-E’s Electric Utility Systems 
Engineering and Planning Operation announced the ap 
pomtment of Charles C. Thomas to the post of manager 
of a newly formed Power Plant Engineering Operation 

Chis new operation was set up to concentrate and in 
tegrate General Electric skills and efforts in the engineer 
ing of modern power plants, in order to better serve the 
electric utility industry and the industry's consulting en 
gineers 

It was conceived to meet a growing international busi 
ness paruucipation, repeat d foreign cometptition and the 
growing pace of technology 

It will not try to take the place of engineering firms, 
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In this study 


347,000 
Hg. = = 
100 — 0.32 


kw at 0.5 in 348,110 kw 

Base kw) X* PC, 
at 2.5 $ per kw plant 
in. Hg 


Capability credit = (computed kw 
at 100 per cent kw 

and 0.5 in. Hg 

x Factor ‘“X”’ 
present value factor 

= (348,100 334,39: > 
= 0. 90 (348,100 : 


Factor “X”’ 


Capability credit 
at 90 per cent and 
0.5in. Hg 


B. Capability of Circulating Water Pump Power Re- 


quirements 


Capability charge for = pump hp Factor _ 


circulating water 
pump power at 90 and 
100 per cent 


V. Tota. Cost, PRESENT VALUED, Two-PumMpP 
OPERATION ONLY 


The total cost is calculated by the following 


Il + Ill I\ 


Va ToTtaL Cost, PRESENT VALUED, COMBINATION 


ONE- AND Two-PUMP OPERATION 
The total cost is calculated by the following 


Ila + Illa I\ 


CAPABILITY AT VARIOUS BACK 


PRESSURES 


rABLE VIII—TYPICAI 


Pressure Pressure. 
In. Hg Kw _ 
348.110 f 343. 190 
6 348 OOO ; 349 300 
4 347.900 541390 
0 347.700 | 240) 400 
7 347,450 ‘ 339,450 
347 000 ) 29 526 
346,300 600 
345.600 2 2 336.700 
55. 900 


O.5 


344,850 
344 000 » 335.100 


334 395 


architects, contractors or utility organizations which do 
their plant engineering themselves 

But it will try to bring General Electric’s technology 
together in working with consulting engineers and utili 
ties to better optimize power plant designs where new 
manufacturing technology can make a contribution. It 
will serve in a partnership role and aid the International 
General Electric in developing turnkey propositions and 
in handling turnkey contracts 

It will aid in nuclear power plants where it can, but re 
sponsibility for nuclear power plants is in the General 
Electric's Atomic Power Equipment Department 

Regarding conventional plants, aid will be provided in 
special situations through technology or new opportunt- 
that General 


ties for innovations where it is indicated 


Electric can make a contribution 
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By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XVII 


OUESTION 


I have conflicting statements regarding the effect 
of temperature on the required NPSH for boiler feed pumps. 
engineers claim that more NPSH is required at 
and produce as evidence a chart pub 
of the Hydraulic Institute which 
added to the recommended NPSH 
margins with increasing temperatures. 
On the I have heard recently that less NPSH 
is required when handling hot water than with cold water. 


heard 


Some 
highe r te m peratures 
lished in the Standards 


shows margins to be 


which NCrCaASE 
other hand 


Which of these statements ts correct? 


ANSWER 


Oddly both statements are correct if they 
are properly interpreted. If we refer strictly to steady 
state conditions, the required NPSH is reduced with in 
creasing temperatures. The theory underlying this 
effect is fairly simple but need not be discussed in detail 
It is based on the fact that mild and partial 
take a pump without causing 
extremely unfavorable effects. The higher the tempera 
ture, the less volume will be occupied by the steam into 
which a water will flash if NPSH is 
reduced until cavitation just begins. Thus, the 
amount of pressure reduction below the vapor pressure 
will liberate volume reduce the 
pump effective capacity by a lesser amount. A _ very 
complete treatment of this theory and of supporting test 
evidence is available in a recent ASME paper. 

This effect can also be demonstrated by strictly logical 


enough 


here. 


cavitation can place in 


small amount of 


Same 
and. will 


less steam 


considerations. Suppose that we are considering the 
effect of temperature on the performance of centrifugal 
pumps, operating at a given speed and supplied with a 
fixed NPSH, when handling 70 F 


hot water at 705.4 F (critical temperature for 


(a) cold water at 
and (b 
water). 
Harrison Div 


* Consulting Engineer and Manager of Planning 
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It is obvious that in the case of cold water at 70 F, 
the break in the head-capacity curve will occur at some 
capacity determined by the geometry of the impeller 
and by the speed at which the pump is operating as in 
dicated on Fig. 1. 

When it comes to handling water at 705.4 F, that is 
the critical temperature at which no evaporation takes 
place (as long as the pressure is maintained at 3206.2 
psia), the volume occupied by water is the same as that 
occupied by steam. Under a slight 
reduction in the available NPSH can have no appreciable 
effect on the performance characteristics of the pump 
(when expressed in pound, plotted 
against volume) since no true cavitation can take place. 
This statement is predicated on the fact that a change 
from water to steam takes place without a change in 
In other words, the 
water 


these conditions, 


foot pounds per 


volume occupied by either fluid. 
head-capacity curve of a pump handling 705.4 F 


Requirements of Various Liquid by Victor 
ASME Annual Meeting 


Cavitation and NPSH 
salemann, ASME Paper 58-A-52 
December 1-5, 1158, New York City 


presented at the 


H-Q CURVE WITH HIGH NPSH 
OR WHEN HANDLING 705.4 F 
y—~ WATER WITH LOW NPSH 


ie 


< RANGE OF BREAKS 
AT TEMPERATURES 
BREAK BETWEEN 70 AND 
| LOW 705.4 F. 
NPSH 
AT 


TOF. 


TOTAL HEAD 


PUMP CAPACITY 


Fig. 1—Effect of temperature on maximum capacity at fixed pump speed 
and with fixed NPSH 
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with less than the theoretically required NPSH will 
coincide with the head-capacity curve with cold water 
and ample N PSH, as shown on Fig. | 
Having established the two limits of 
characteristics at 70 and at 705.4 F 
the relationship between the location of the break and 
the pumping temperature is a function 
herefore, all breaks at these 
two extreme temperatures must take place between the 


peritormance 
we can assume that 


continuous 
temperatures between 
two limits of « apacity indicated 

Phis would indicate that the practice of assuming that 
the required NPSH is independent of the pumping tem 
perature 1S that this 
N PSH is definitely reduced with increasing temperatures 

On the hand, the margin recommended to be 
idded by the Standards of the Hydraulic Institute 
takes into consideration actual conditions which prevail 
which differ considerably from 


conservative and unrealistic, and 


other 


in a steam power plant 


the ‘steady state’’ conditions we assumed in establishing 
our relation between NPSH requirements and operating 
known that ‘‘transient 


load reductions will introduce 


temperature It is well con 


ditions” such as sudden 
unfavorable effects on the suction conditions in an open 
where the boiler feed pump takes !ts suction from 
heater A 


follows the 
Aug. 1959 


evel 


i deaerating direct contact very severe re 


ivailable NPSH 
duction (see COMBUSTION 
Steam Power Plant Clini 
means must be employed to take care ot 


which exists between the 


sudden load re 
May 1960 


duction im 
and 


Pheretore 
the time lag 
duction of pressure in the heater which follows a sudden 
load drop and the ultimate reduction of temperature at 
ifter the the 
suction piping will have been pumped out into the dis 
charge header Phe 
t factor of safety for the installation through the addition 
irbitrary amount to the required NPSH under 


mstantaneous re 


the pump suction feedwater already in 


most logical solution is to provide 


ol sore 


steady state conditions 


(OUESTION 


condensate 


L have 


bump 


raled capactly of 


Notice 


| generally ecled with considerably more margin 


over the maximum ted condensing steam flow than 1s 


when their rated capacity 
When 


; ! a, 
‘mean a considerable difference 


he case with ho bump 


com pared mum turbine throttle flow 


/ say more mars 


l hav 


fo fhe maxim 


lor instance where as much as 30 per cent 


or more added im condensing steam flow 


nN ting condensate pump ls this difference in 


fnouent that 


: 
fluenced by condensate pumps may operate 


inde? 


condition and theretore their effective 


fur ; j j ; , aor # , 7 
ca par ¢ reduced much below their rated capacity 


\NSWER 


he effect of cavitation is not the determining factor 


in selecting condensate pump capacity lo begin with, 


the use of cavitation to control the delivery of a con 


pump 
control or 


densate this is generally referred to as “sub 


mergence “self-regulation is restricted 
to open feedwater systems, where the condensate pump 
delivers heater. While this ar 


rangement used to be quite popular some time ago, it 


mto a direct contact 
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The degree of NPSH reduction caused by load reduc- 
tion is intimately connected with the operating pressure 
in the heater—and, hence, with the operating tempera 
ture: the higher this pressure the more severe the NPSH 
reduction. 

The chart in the Standards of the Hydraulic Institute 
is therefore intended to compensate, at least partially, 
for this effect. The margin indicated is purely empirical 
and does not necessarily cover all cases, since in addition 
to the operating temperature several other factors enter 
into establishing the amount by which the available 
NPSH will be reduced after a sudden load reduction 
Some of these factors are the volume in the 
heater, the configuration and internal volume of the 
suction piping and the behavior of the feedwater regulator 
following the sudden load reduction. Thus, in 
cases, the recommended margin may be insufficient while 
in others it can be excessive The merit of the chart 
lies in bringing attention to the importance of giving 


storage 


some 


this problem consideration. 

Returning now to the thought that under steady state 
conditions required NPSH values are reduced with in 
creased temperatures, it is necessary to,introduce a word 
of caution: it would be highly unwise to rush headlong 
to the conclusion that the values of recommended N PSH 
for boiler feed pumps should be drastically reduced 
We must remember that boiler 
quently required to operate over wide ranges of tempera 
ture and that a given installation cannot very well take 
advantage of a permissible reduction in NPSH require 


feed pumps are fre 


ments at the top operating temperature if operation at 
lower temperatures will wipe out any assistance gained 
by the effect we have described rhe effect is also very 
useful in affording us additional protection during the 
transient conditions which prevail when severe load re 
luction occurs in a steam power plant. Let us preserve 
this protection and not give in to the temptation to cut 


corners 


delivery of the 
throttling 


is less frequently used today and the 


is controlled by a valve 


condensate pumps 


ONDENSER 


w PRESS IRE HEATER DRAIN PLMP 


BOLER FEED PUMP 


awarte 


TPFICAL ELECTE CLE 


Fig. 2—Typical present day steam-electric cycle employs a heater drain 


pump to handle the difference between condensed steam flow and the flow 
required from the bf pump 
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which takes its impulse from either the condenser hot- 
well level or the level in the storage space of the direct 
contact heater. 

Moreover, even when condensate pumps are operated 
on submergence control, their submergence require- 
ments are so chosen that they can deliver their full 
rated capacity under prevailing submergence conditions 
and no limitation on their effective capacity is allowed 
to be imposed by the static elevation conditions of the 
installation 

Condensate pumps must be designed for a consider 
ably higher capacity than they normally will have to 
handle because of the very nature of the usual feedwater 
cycle. If you refer to Fig. 2, you will see that the typical 
regenerative cycle includes a series of closed heaters 
located between the condensate pump and the boiler 
feed pump. Generally, the heater drains from these 
heaters are cascaded down to the lowest pressure heater 
in the system, from which they are pumped back into 
the condensate discharge header by a heater drain pump. 
In this manner, the heater drain pump handles the dif 
ference between the condensed steam flow and the flow 
required from the boiler feed pump. 

In the event abnormal conditions arise, as for in- 
stance the necessity for bypassing the closed heaters or 
the unavailability of the heater drain pump, a condensate 
pump designed for just the normal condensing steam 
flow would be inadequate. If the heaters are bypassed 
and no extraction steam is taken from the bleed stages, 
the condensing steam flow will be much increased over 
its normal value and the condensate pump must be 
capable of evacuating the hotwell. 

If, on the other hand, the heater drain pump is un 
available reason, the heater drains will be 
diverted and dumped into the condenser hotwell, swell 


ing the flow from the turbine exhaust. In this case, 


tor some 


as well, it becomes necessary to have sufficient capacity 
built into the condensate pump to handle all the flow 
that is entering the condenser hotwell. 

Thus, whereas the boiler feed pump is designed for 
something like 
that only to take care of boiler swings and of pump 
condensate pumps may easily be rated for up to 


S to 15 per cent excess capacity—and 


wear 
30 per cent in excess of normal condensate steam flow. 


Electric Power Experts Joins Computer Field 


J. H. (Jeff) Hunnicutt has been appointed to the posi 
tion of applications engineer specializing in computer con 
trol and monitoring systems for the electric power in 
Bechard, products manager of the 
announced 


dustry, Henry L 
Thompson-Ramo-W ooldridge Products Co 
recently 

This new position results from the increased emphasis 
on power industry applications of digital control comput 
ers and is an outgrowth of the cooperative agreement be 
tween TRW Products and Republic Flow Meters Co. to 
design and furnish complete computer-operated systems 
for electric power generating stations 

Prior to joining TRW Products in February, Hunnicutt 
was an associate editor of Power Engineering magazine 
He was formerly a startup and plant betterment engineer 
with Stone & Webster Engineering Corp. of Boston and 
United Engineers and Constructors, Inc., of Philadelphia 
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HYDROGEN 


in the steam 


) os is well known to be an active source of 


boiler corrosion. 


The oxygen dissolved in feedwater is 


determined directly and continuously recorded upon the 
Cambridge Dissolved Oxygen Recorder. 


The oxygen set free 


boiler is equally damaging. 


by dissociation of the water in the 


Its presence is determined 


by measuring the free hydrogen in the steam condensate. 
Cambridge Analyzer-Recorders provide continuous rec- 
ords of both the oxygen dissolved in the feedwater and 


the hydrogen in the 


steam on one chart if desired, 


thus enabling prompt corrective measures to be taken. 


CAMBRIDGE 


1618 Graybar Bidg., 


Complimentary copies of 
these bulletins will 
be sent on request. 


A.S.T.M. BULLETIN 
D1588-58T 


Describes the approved 
referee method of test 
ing for gaseous hydro 
gen in industrial water 


CAMBRIDGE 
Bulletin No. 148 BP 


Describes both the 
CAMBRIDGE Dis 
solved Oxygen and Dis 
solved Hydrogen An 
alyzer 


Instrument shown may be used to record 
either Oc or Hy or both simultaneously, Cam 
bridge also makes Hydrazine Analyzers. PH 
Recorders and instruments for analyzing gas 
eous mixtures 


INSTRUMENT CO., INC. 


420 Lex. Ave., New York 17, N. Y. 


CAMBRIDGE 


Dissolved O. & H, 


AN 


ALYZERS 


Pioneer Manufacturers of Precision Instruments 





American Power Conference 
in Review—Ii 


\ST month's issue of COMBUSTION carried a fait 


\merican Power Conterence 
value to the readers of this magazine 
Phere that 


space the complete meeting report was divided into two 


portion of the papers 


held to be ol 
however, so man‘ interest ol 


were, im the 


parts and the majority was held over for this issue 


Condensers 


One of the more comprehensive treatments of conden 
sers and thet Conference 


Rushen A. Wilson, Allis-Chalmers Mfg. Co., handled the 
Hydraulic Aspects of Condenser Cir 


iuxiliaries was featured at the 
subtect ol SOT 
culating W 
tems, the authors declared, as well as all other equipment 


iter Systems The circulating water sys 
been getting larger and more 
differ other 


one of which is the 


in modern power plants have 


complicated These water systems from 


many respects, 


Efficiency and low operat 


hydraulic systems in 


presence ol vacuulll piping 


ing power are important in circulating water systems, 
but dependability and reliability are of equal importance 
Phe air lift pump is an old type consisting of air pipe and 
in eductor tube going down a proper distance below the 
water in a well, with the eductor tube discharging above 
Phis principle of the air or vapor lift can cause 
lines. It make an ai 
flash over 1 


ol the loop 


ground 


trouble in vacuum may ejector 


there is an air 
It may prevent 


intercooler drain loop seal 
leak on the condenser sick 
if there 1s one intercooler side 

\ vacuum will not hift than 34 
but ipply to a mixture of air and water 
Phis should be considered when running vent lines from 
Preferably 


drainage on the 


pure water more leet, 


this dot Ss not 


boxes to pumps 
separating tank, with an adequate 


pipes or water vacuum 
there should be a vent 
drain, between vessels being vented and any mechanical 
essen 


Hydraulic air compressors are 


Che authors showed 


vacuum pumps 
tially the reverse of air lift pumps 

good engineering siphon that was reliable had proved 
itself in all sizes and could stand a considerable variation 
in flow. R. 71 
the American Society of Civil Engineers in 1957 were the 


Richards papers, the author felt, before 


first to mention that these arrangements did have quite 
different venting characteristics. These differences have 
been well known by individual engineers 

here have 
trouble in parallel installations, in which two or more con- 


been cases where such siphons caused 
densers were supplied by a common supply pipe or tunnel, 
or where the two sides of a divided water box condenser 
rhe to this is to install a 


were so supplied solution 
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\ll parallel 
high point, 


common vent between all parallel siphons 
siphons should be vented together at the 
even though it is true that hundreds have operated for 
years without common vents 

Further the author believes you should keep the dis 
charge from air-operated primers or vacuum pumps out 
of discharge tunnels and it becomes necessary to keep it 
out if there is a slanting invert anywhere downstream 
\ir present in appreciable quantities can give an aur 
lift pump effect that can be mistaken for some mysterious 
water hammer 

Siphon piping well designed with no slanting piping 1s 
With good design and an apparently good 
separate venting system about 1 cfm per 20,000 gpm of 


self venting. 
air can be liberated and removed by the venting system 
Venting systems should be able to remove the air from 
the water space of a divided water box condenser after one 
half has been shut down. The same applies for the indi 
vidual condensers of an installation served by one pres 
surized tunnel. There few units where a 
vent system or vacuum pump was required to start the 
unit, but most pumps will push sufficient water over the 


have been a 


high point to get started 

[he presence of air should not cause or promote water 
hammer but might even be a cushion to minimize it. The 
presence of vapor in the system at start-up is a different 
matter Water 
jets, air jets and all kinds of mechanical vacuum pumps 
and circulating water 


ind is considered dangerous. jets, steam 


have been used to prime vent 


systems 


W. E. Glausser, C. H. Unruh and G. Balekjian, C. F. 
Braun & Co., the “Plant Test of a 95,000 
Square Foot-Condenser.”’ Umit One of the Scattergood 
Station of the L. A. Water and Power Dept. went on the 
Extensive tests were made dur 


described 


line in December 1958S 
ing the first three months of operation to evaluate the per 
formance of the condenser and the authors believed that 
the scope ol the test data reported is greater than any 
previously reported literature 

Che 95,000 sq ft condenser under test is a single pass 
with */s-in., 18-gage, 40-ft long tubes of 70-30 copper 
nickel, rated for 1.5 in. of mercury back-pressure using 
78,000 gpm of sea water at 60 F. Design water-velocity 
is 5.1 ft per sec, and the design cleanliness-factor is 75 per 
cent Che tubesheets are 70-30 copper-nickel. 

Che first part of the authors paper dealt with con 
denser performance, the second part with test equipment 
and the testing procedures, and the last part with an over 
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all evaluation of the test data and condenser performance. 
We have confined our abstract remarks to the first part 
of the paper. 

Steam back-pressure at the condenser inlet, as the 
authors indicated, must be measured accurately to com- 
pute the overall HEI heat-transfer coefficient. Ten 
pressure-taps were installed by General Electric in the 
turbine outlet-duct hey are located about one foot 
above the expansion joint, and at various points in the 
duct he control room pressure-tap is 
located just below the expansion joint. Braun installed 
four taps at the top of the tubefield near the center steam 
lane. Three the south the 
middle and one near each end. The fourth tap is at the 
middle of the At each of the four pressure 
taps at the top of the tubefield, Braun installed thermo 
couples at the same locations. As might be expected, 
back pressures measured at the different points were not 


cross-section 


taps are on side—one in 


north side. 


entirely consistent. Saturation pressures corresponding 
to the measured temperatures are more reliable than the 
pressure two First, the 
measurement of temperature is inherently more accurate 
at these conditions than the measurement of pressure. 
Pressure measurement is reliable to about plus or minus 
0.05 in. of mercury which is equivalent to about plus or 
minus 0.6 deg F at conditions. Temperature 
measurements are reliable to about plus or minus 0.3 deg 
F. Second, temperature measurement is not affected by 


measurements for reasons. 


design 


velocity-head effects caused by localized turbulence of 
the high-velocity stream 

Prediction of steam pressure-drop through the tube 
banks is an important part of surface-condenser design. 
drop the temperature, 
decreasing the thermal driving force for heat 
hand, a certain amount of 


Pressure reduces condensing 
thereby 
transfer, On the 
pressure drop is necessary to get good flow distribution 


where 


other 


and eliminate possible stagnant areas noncon 
densables can collect 

A summary of the tubebank pressure-drop profiles at 
100 per cent steam-load was given in table form. Some 
interesting observations can be made by comparing the 
cold end with the hot end pressure-drop. Most of the 
pressure drop at the cold end occurs in the main tube- 
field. Most of the pressure drop at the hot end occurs 
in the air-cooling section. 

Heat transfer was measured and computed in two 
ways. The overall coefficient was determined for the en 
tire condenser based on the steam inlet-temperature and 
the temperatures. The 
set of heat-transfer data were taken for individual tubes 
individual-tube data were taken 


The con 


overall cooling-water second 
in the condenser Che 
at various water velocities and steam loads. 
denser is equipped with 40 tubes which can be individu 
ally tested hey are arranged in groups of four tubes 
each, in areas of each half of the tubefield 

The authors remarked that cooling water was circu 
lated in all but the test tubes of the condenser for about 
two weeks prior to the time the plant was started up. For 
this reason, the main bulk of the condenser tubes had 
gone through the initial fouling period before any testing 
overall heat-transfer data reflect 


five 


was started \ll the 
this fouled condition 

From all observations, it seemed to the authors, to be 
much better to install a thermocouple in the neck of the 
condenser. rather than a pressure-tap, to determine con 


denser back-pressure Ihe steam to the condenser is 
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wet. Therefore, they reasoned, the temperature will 
always be the saturation temperature corresponding to 
the absolute pressure. The thermocouple reading will 
not be influenced by the velocity of the steam in the 
throat. 


“Economic Sizing of Condensers Through the Use of 
the Digital Computer’? by M. J. Archbold, Frank V. 
Miholits, Ami Leidner and C. E. Person, Commonwealth 
Edison Co., will be run in full in ComBustion, May and 
June issues. As the authors very early stated, to properly 
size a condenser consideration must be given to using 
many variables such as tube lengths and diameters, 
heat transfer surfaces, and water velocities, as well as 
turbine loads and circulating water temperatures. To 
calculate just a few condenser sizes requires a very large 
amount of labor and a certain amount of short cutting to 
bring the work within practical bounds. Even though 
the work is conscientiously done, the size selection 1s 
often under question. 

The authors felt that for the large units being installed, 
the longhand evaluation is no longer satisfactory. For 
example, for a large (300 Mw) unit even a small improve 
ment in condenser vacuum would result in a considerable 


savings in operating cost during the 35 year life span of 


the unit, and hence a more rigorous and refined evalua 
tion should be employed in determining the optimal con- 
denser size. It was for this reason that the Common 
wealth Edison Co. made use of a digital computer in the 
selection of several of their recent condensers. 

Editor's Note: Because the use of this computer in a 
specific power plant problem combines so much interesting 
design considerations checked out by a relatively new de 
sign atd, the digital computer, we elected to run this paper 
in full in the May, June issues of the publication. 


‘Performance Tests of Water Lubricated Bearing Ma 
terials for Condenser Circulating Water Pumps’ was 
presented by F. L. Yetter and C. H. Diehl, C. H. Wheeler 
Mfg. Co 
terials used for the bearings and journals in the various 
kinds of pumps followed the general rules for standard 
materials used in the machinery industry. Pump service 
conditions have much more with 
heavier bearing loads and higher service speeds, a num 
ber of investigations have been undertaken by groups 
such as Battelle Memorial Institute, Franklin Institute 
and several manufacturers of bearings to determine the 
design limits and newer materials that could be applied 


For many years the design factors and ma- 


become so severe 


to these more severe conditions. 

The test apparatus in the program carried on at C. H 
Wheeler Mfg. Co. was designed to provide a practical 
test comparable to the actual service of bearing-journal 
in a pump; thus the test results will reflect the per 
formance of the prototype under field conditions. The 
apparatus is a departure from the usual methods of 
“wear testing,’ but it does provide the operating con 
ditions experienced in the field. Specifically it was de 
signed to reproduce the ‘‘tail’’ bearing-journal design and 
conditions generally found in circulating water pumps. 
Proportions of the test set-up were derived from the 
dimensions of the standard type of pimps manufactured 
by the authors’ company. 
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The tests of bearing-journal combinations have shown 
that the amount of wear and length of life of sleeve 
bearings can be- substantially improved by the applica 
tion of material combinations. In these tests 
the most commonly used bearing-journal combinations 
showed wear rates of 675 to 9462 & 10~‘ in. per hr with 


rhis is a relatively short life 


proper 


failure in less than 500 hr 
compared with some of the combinations developed for 
these tests which are still running after 6000 hr and have 
wear rates of less than 10 X 10~7 in. per hr. At this 
stage of the testing it is difficult to differentiate between 
the various types of carbide combinations; but as has 
been suggested in several other bearing studies and by 
our test results, the harder materials show better per 
formance It also has been suggested, but not conclu 
sively proven in this test or other tests, that better per 
formance when material 
is used for both the bearing and journal. 
to conventional practice with ordinary metallic 


is obtained the same carbide 
This 1s con 
trary 
materials 

rhe carbide combinations do not show signs of galling 
or seizure as experienced in the metallic combinations. 
Che elimination of galling and equal distribution of the 
wear between the bearing and journal produces a bearing 
and journal with the most desirable characteristics for 


long life and low wear 


Industrial 


Leading off an Industrial Plant Safety session on Tues 
day afternoon, W. C. Kramer, Commonwealth Edison 
Co., spoke on “A Power Plant Safety Program.” Mr 
Kramer stressed that he and his associates are not pro 
fessional safety engineers but engineers and operators 
concerned primarily with the economical and reliable 
operation of a power plant 

State Line Station is a coal-fired steam power plant, 
located in Indiana on Lake Michigan at the Ilinois-In 
It has a capacity of over 600 Mw in 
rhe 


number of employees has ranged between ISO and 425, 


diana state line 
three units ranging in age from 31 years to 4 years 


a good average for the last 20 
years. The program has resulted in 
twice attaining 1,000,000 man-hours without a disabling 
injury \s of now the four years or 
3,000,000 man-hours with only one disabling injury 

Mr. Kramer described the two committees charged 
with the responsibility of executing the safety program 


with 375 representing 


employee salety 


record stands at 


Fuels 
Fundamentals of Fuel Oil Combustion’’ was re ported 
D. S. Frank of the Oil Co. The 


Fuel oil burning 1s still more of an art 


on by Pure author's 


first statement, 
than a science,’ is all too true and he set about clearing 
mysteries of the art. On the subject of 
fuel oil specifications, Mr. Frank told us that there are a 


few important specifications of fuel oil which must be 


up some of the 


recognized. Quite often proper perspective of the rela 
tive value or interpretation of certain fuel oil specifica 
tions are not properly evaluated 

The National Bureau of Standards Specifications for 
No. 6 Fuel Oil provides little information. This specifi 
cation states—“‘Oil for use in burners equipped with pre 
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heaters permitting a high viscosity fuel.’ Viscosity is 
stated as 45 Saybolt Furol seconds as a minimum and 300 
maximum. Flash point 150 F minimum 
and water and sediment as 2.00 per cent maximum 
This is a sum of the water by distillation and sediment 


Maximum sediment by extraction shall 


seconds as a 


by extraction 
not exceed 0.50 per cent. 

The most well-known ‘properties of fuel oil are gravity, 
heating value, viscosity, flash point, pour point, sulfur, 
Some attention is now being given to 
metals content of the fuel. All these tests are performed 
under controlled laboratory conditions. The relative 
importance of these properties depends upon the use of 
the fuel oil. 

hese properties vary depending upon the sources of 
crude and the refining process involved. Gravity gener- 
ally varies from 5 to 15 API. However, fuel oils of both 
lower and higher gravity are marketed as No. 6. It is 
important only because it designates the heat content 
per pound or gallon. The Btu content per gallon is 
determined from the weight of the oil as denoted by the 
gravity afd the heating value per pound. The lower the 
gravity, the higher the heat content per gallon and con 
However, the full 


and ash content. 


sequently lower cost per million Btu's. 
potential may often not be realized unless other 
influencing the end result are carefully engineered 

The minimum permissible flash point is usually regu- 
lated by federal, state or municipal laws and is based on 
accepted practice in handling and use. 

The significance of pour point in a viscous oil 1s rela- 
tively unimportant, as the oil must be heated to insure 


factors 


proper handling. 

Sulfur may or may not be important depending on the 
equipment in which the oil is being used. In some 
process work, low sulfur fuel may be essential. When used 
as a boiler fuel, the sulfur content must be evaluated 
against higher potential maintenance of economizers and 
air heaters. The effect of sulfur in conjunction with 
metals content and ash may influence superheater tube 
deposit in high superheat boilers. 

Since the permissible viscosity of No. 6 fuel oil can 
range from a low of 45 sec to a high of 300 Saybolt Furol 
122 F, it is essential to know the slope or 
his is determined by obtaining an 
On No. 6 oil this second determina 
tion is made at 210 F. The ASTM Standard Viscosity 
lemperature Chart is so constructed that for any given 
petroleum oil, the viscosity-temperature points result in 
The viscosity at any temperature can 


viscosity at 
viscosity index 


additional viscosity. 


a straight line. 
then be determined from this line. 

An oil burner, Mr. Frank pointed out, has three func 
(1) Split the fuel oil into a vast number 
of small drops—the smaller droplet size, the more eff 
cient the burning 2) Introduce and the air for 
3) Shape the flame to con 


tions to periorm 


mix 
combustion of the fuel oil. 


form to the firebox in which the fuel is burned. These 


three requirements must be met regardless of the type of 


used. 
classified according to the method used 


oil burner 

Burners are 
for securing atomization and fall in three general groups 
|) air atomization, either low or high pressure, (2) 
steam atomization, and (3) mechanical atomization. The 
subject of burners is amply covered in available litera 
For large boilers, the trend is toward either high 
atomizing 


ture 


pressure mechanical atomizing or steam 
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burners. For small industrial boilers, a low pressure 
mechanical atomizing burner such as the spinning cup 
performs satisfactorily. In process furnaces, the type 
of product can influence the type of burner for the job, 
normally a low pressure air atomizing burner is used. 

Each type of burner has its limitation of maximum op- 
erability of viscosity. All references to desirable viscos- 
ity are at the burner tip. Too often preheaters are lo- 
cated at some central point and the desired temperature 
may be obtained at the preheater outlet, but the oil may 
lose temperature enroute to the burner. This is quite 
true in industrial plants where oil lines may be long, 
improperly insulated, or the insulation has not been 
maintained. 


R. E. Kittoe, Electronics Corp. of America, also spoke 
at the Tuesday afternoon Industrial Plant Safety session 
on “Combustion Safeguard Interlock Systems for Mul- 
tiple Burner Boilers. was limited to 
boilers equipped with manually lighted burners not €x- 
ceeding four per boiler and with fuel being gas or oil. 
This automatically placed an upper limit of boiler size 
of about 300,000 Ib of steam per hour. The control 
systems covered were those which employed flame safe 
guards of the flame sensing type. 

While boilers equipped to burn gas or oil alone were the 
subject of this paper, safeguard systems are being em- 
ployed on pulverized coal fired boilers. Such control 
systems, generally speaking, are custom engineered to 
suit each application and were therefore beyond the 


His discussion 


scope of this paper. 

It must be borne in mind that it is not the function 
of a combustion safety interlock system to replace boiler 
operators, Rather, the purpose of such control systems 
is to assist the indispensable, well trained operator in a 
twofold manner |) To assure that he follows a safe 
operating procedure in the lighting off of the burners; 
(2) to react instantaneously to hazardous situations where 
the fastest human reaction is too slow. 

Mr. Kittoe referred to the J. B. Smith (Factory Mutual 
Engineering Div.) paper presented at the 1959 ASME 
Annual Meeting which set forth a detailed study of the 
causes of furnace explosions. He went on to say that 
both Factory Mutual Engineering Div. and Factory 
Insurance Association have indicated in their publica- 
tions their recommendations for safe operation of mul- 
tiple burner boilers based on their experience. Their 
recommendations on interlocks which parallel each other 
fairly closely was summarized by the author. 


A sharply different set of conditions hold for the large 
Ludwig Skog, Jr., and Edward H. Finch, 
Sargent & Lundy, undertook to discuss “Some Aspects 
in the Control and Interlocking of a Gas-Fired Boiler- 
’ at an entirely different session. 
Wide variations exist between plants with respect to the 
control, interlocking, and protective schemes employed, 


boiler units. 


Turbine-Generator Unit 


there 
example, 


Finch noted, and, are many 
reasons for these differences. For utility 
operating personnel have individual preferences; utility 
have varying feelings on the degree of 


Messrs. Skog and 


management 
responsibility they are willing to place in the hands of an 
individual operator; manufacturers differ in opinion as 
to what constitutes adequate protection for major units 
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of equipment and also individual plant design engineers 
approach the problem in sharply different ways. 

At the present time, it appears that some degree of 
standardization has been reached in boiler combustion 
control systems, circulating water systems, turbine pro- 
tective devices, and most of the elements of the boiler 
feedwater system. Still unresolved, however, are (1) 
boiler ignition and burner protective systems, (2) inter- 
relation of boiler-turbine-generator interlocks and (3) 
protection of system against loss of a boiler feed pump. 
This paper presents, in the authors’ opinion, a workable 
scheme for the control and interlocking in each of these 
controversial areas for large, modern, gas-fired, multi- 
burner units of the type currently being installed by the 
electric utility industry 

Past practice has been built on the premise that no 
group, of electrical or mechanical components were as re- 
liable‘as the human eye, and no interlocking or protective 
system could be devised that could be substituted for a 
well-trained operator's judgment. This premise is still 
true, to a large extent, however it is open to serious ques- 
tion as to whether even the best operator's judgment and 
experience can be relied upon for the correct decision 
every time. However, it is felt that the most logical 
system to follow on boiler light-off is a semi-automatic 
scheme, in which the operator initiates each step of the 
procedure, preferably from some remote location such as 
the control room. In this system each step is completed 
automatically and its successful completion is monitored 
back to the operator, who then may manually initiate 
the next step. The sequence of the steps is made man- 
datory by suitable interlocks. An error by the operator, 
or the failure of any component trips out either the 
individual burner at fault, or the complete fuel supply 
and forces a fresh start. As experience is gained with 
this system, and components are improved from a re- 
liability standpoint this system can be made more and 
more automatic. The ultimate goal could be the com- 
plete light-off of a boiler from a cold start with a single 
push button operation. 

The fundamental design considerations for such a light 
off system should include a purge cycle, the ignition and 
burner operation, the role and the number of boiler trip 
interlocks. 

Recently a working group of the AIEE Power Genera- 
tor Committee presented a paper No. 59-1149 entitled 
“Minimum Recommended Protection for Unit-Con- 
nected Steam Station.’’ This paper considered by the 
authors to be excellent is said to coordinate the protection 
of the electrical end of the unit with that of the turbine 
and the boiler, so that trouble in any part of the unit 
causes partial or complete shutdown of the unit, depend 
ing on the type of trouble involved. 

This paper reflects a current change in the basic phil- 
osophy of tripping by a large number of operating utili 
ties. In the past it has been considered of prime impor- 
tance to protect the power system against false tripping 
of a unit, which may occur whenever the number of 
tripping devices in any particular plant are multiplied. 
However, as more units are added to the system, and the 
cost of plant equipment, and the consequent cost of a 
failure to clear a genuine case of trouble are multiplied, 
there has been a strong tendency to regard the protection 
of the unit as of prime importance. 

The authors show in tabular form, a basic scheme for 
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the application of these tripping interlocks. They point 
out that some variations in the details of application must 
be made to provide for differences in equipment as sup 
plied by various manufacturers, however these details 
should be checked back to determine that they agree 
with the fundamental plan 

The interlocking scheme suggested by the authors was 
then traced through as to function 


B. B. Bonadio, Indiana-Kentucky Electric Corp., A. S. 
Grimes, American Electric Power Service Corp., and 
H. I. Lamphier, Ohio Valley Electric Corp., collaborated 
on the subject ‘‘Measurement of Density and Moisture 
in Large Coal Storage Piles Che problem of making 
a physical inventory of a coal sterage pile has assumed 
increasing importance as the size of power generating sta 
tions and their annual coal consumption has increased. 
With annual coal consumptions ranging up to four million 
tons per plant, a small percentage error in weighing be 
comes a substantial quantity of coal which is reflected 
os a difference between the book and physical inventories 

rhe coal storage piles have kept pace with the growth 
Piles containing in the order of one million 
tons are not \ nominal error in measuring 
can now represent a substantial quantity of coal for such 


of plant size 
uncommon 


pile S 

he taking of an inventory of a coal storage pile in 
volves three measurements: the total volume, the aver 
age in-place density and the average in-place moisture 
Satisfactory procedures are available for determining the 
In-place densities can be measured at a 
California Sand 
Dens-O-Meter which are de 
field construction The 
use of these instruments in coal storage piles is limited 
rhe measure 


total volume 


given with devices such as the 
Cone or the Washington 


vices used in highway and air 


pomt 


usually to measurements near the surface. 
quent of in-place moisture content requires the taking of 
a physical sample for analysis and, usually, is limited to 
measurements near the surface 

Feeling that it should be possible to develop a more 
\merican Elec. Pwr 
and Indiana-Ken 


satisfactory inventory procedure, 
Svce Corp., Ohio Valley Elec. ¢ orp 
tucky Elec. Corp. undertook a study and development 
program. Nuclear-Chicago Corp. had available instru 
ments for density and moisture measurement which ap 
peared to offer the possibility of improved techniques 
Consequently, Nuclear-Chicago Corp. was invited to and 
did participate in the program 
OVEC's relationship with the U. S 
Commission in providing power for its Portsmouth Area 
brought about a close interest by the AEC in the early 
stages of the development program described in this ar 
ticle. The AEC is now further studies for 
possible improvement in the 


rhe 


Atomic Energy 


sponsoring 
methods described in the 
step establish calibration 
curves for the measuring devices Chis the authors did 

lo establish a logical basis for sampling a large storage 


article initial was to 


pile, a small portion of a storage pile was sampled ex 
[wenty-five access tubes were driven on 5-ft 
centers in a square grid arrangement Density and mois 
ture readings were taken at each 2-ft of elevation over 
the total depth of IS ft 


used to obtain estimates of the variance 


tensively 


The data thus obtained was 
of the density 


and moisture 
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rhe sampling procedure must be based on the number 
of access tubes to be driven and the number of readings 
to be taken in each tube. Since driving access tubes is 
the most expensive part of this method of taking an in 
ventory, the sampling procedure should call for the 
minimum number of access tubes consistent with the 
desired accuracy. 

['wo successive samplings of a portion of one storage 
pile which was undisturbed between samplings has given 
average densities differing by only 0.15 lb per cu ft. 

An attempt was made to use the moisture probe to de 


termine the moisture content of the two storage piles. 


The question, of course, was whether or not the chemi 
cally-bound hydrogen content of the coal storage pile 


could be established with sufficient Core 
samples were taken with a hollow casing driven into the 
pile. The casing was made up of two-foot sections 
The casing could be driven from 2 to 6 ft before the fric 
tion built up to the limit of the driving equipment. The 
casing was then pulled, emptied, and then redriven an 
additional amount until the required depth was reached 

For one storage pile the moisture probe and the core 
samples gave similar values for the moisture content 
which were statistically equivalent. However, for the 
second pile the results were drastically different. This 
difference was greater than could be explained by any 
reasonable error in the value used for the chemically 


accuracy. 


bound hydrogen content. 

Consequently, core sampling has been used for deter 
mining moisture contents on subsequent inventories. 

A number of questions are still unanswered; particu 
larly what causes different coals to have different calibra 
tion curves and what effects moisture content has on the 
density probe readings. The AEC-sponsored research 
program is aimed at 
addition, considerable attention 1s being given to the 
problem of satisfactory use of the moisture probe. 


answering these questions. In 


Large Steam Turbines 


In keeping with the Conference's history of close at 
tention to the utility industry's problems two sessions 
were held on large steam turbines. 

John R. Carlson, Westinghouse Electric Corp., 
as his subject ““The Economics of Very Large Turbine 
Mr. Carlson held his remarks to only 


chose 


Generating Units.’ 
the specific economies derived from the installation of 
large turbine-generator units (400, 600 and SOO Mw). 
Studies have been made of turbine-generator installations 
of 500 and 600 Mw capacity, with some consideration 
In these considera 
tions, the questions most often raised are, ‘What is the 
advantage of a very large turbine-generator unit over 
‘Are there real economic 


being given to even larger ratings. 


two one-half size machines? 
considerations that justify the installation of very large 
turbine-generator units? From the studies, the au 
thor’s company recently made, the answer ts 

The boiler manufacturers 
listed, and they have given assurance that boilers can be 
built to match any current thinking in large turbine 
Phis and 
without encroaching on the availability 

However, there is more to the economic problem than 


ves. 


assistance of the was en 


generator sizes can be done economically 


just the turbine-generator and boiler components of a 
lo assist in this study, the services ol 
were enlisted 


power plant 
United Engineers and Constructors, Inc., 
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to evaluate the cost of various large steam plants and 
determine the cost of generating electricity. This study 
included plants consisting of cross-compound turbines of 
2-400, 1-600, and 1-800 Mw capacity. It also included 
two multi-unit plants of 2400 Mw capacity, one consist- 
ing of four 600 Mw turbine-generator units and the 
other three SOO Mw turbine-generator units. 

In all cases the steam conditions selected were 2400 
psig, 1050/1000 F, exhausting at 1.5 in. Hg Abs., with 
eight stages of feedwater heating. The boiler feed pumps 
were assumed to be driven by noncondensing extraction 
turbines, taking steam from the main unit. 

The fuel for all plants was pulverized coal. Land, 
water supply, rail facilities, highways, and subsoil con- 
ditions were considered the same for all sizes of units. 

The cost estimates which the author presented in a 
well detailed table are based upon prices for the major 
equipment and auxiliaries as of 1959. In the case of the 
2400 Mw multi-unit power plants, the equipment was 
assumed to be erected consecutively and when allowances 
were made for certain items common to all units, some 
saving resulted over a single unit station. 

From Mr. Carlson's tabulation the two major portions 
of the electrical energy costs proved to be the fixed 
charges and the fuel cost with the fixed charge of the 
greatest significance Any reduction therefore in fixed 
charges obtained through size factors, design simplifica- 
tion or any other means in the author’s opinion, should 
be, the most beneficial way of reducing the energy cost. 

The energy cost of different sized steam plants was then 
plotted, all at a fuel cost of 25¢ per million Btu. Inas- 
much as the heat rates of all three sizes of turbines ran 
about the same, the lower energy costs derived from the 
larger plants is obtained by the reduction in fixed charges 
due to the factor.’ 

Further, a comparison of the energy costs of two 2400 
Mw plants, one composed of 4-600 Mw and the other of 
3-SO00 Mw turbines was shown. Here again the plant 
comprised of the largest generating units had the lower 
cost and this was held due to the reduced fixed 


“size 


energy 
charges. 

Subcritical steam conditions, excepting for some pio- 
neering, will be used for the majority of new plants in the 
immediate future, and the general availability should 1m- 
prove very materially and should approach that of the 
average operating This, Mr. Carlson be- 
licves, again merely proves that the price of progress is 


conditions. 


trouble, and the troubles are largely behind us. 

In closing Mr. Carlson stated that experience with the 
large turbines of the kind discussed will pave the way 
for the next general advancement in steam conditions to 
3500 psig and 1050 F, or higher which are desirable for 
these ratings 

rhe Philo, Eddystone and Avon turbines are already 


providing the operating experience necessary for the ad- 
vanced steam conditions necessary for even larger tur 


bines. 


“Factors Influencing the Reliability of Large Steam 
Turbine-Generator was presented by C. D. 
Wilson, Allis-Chalmers Mfg. Co., as a review of some of 
the basic principles that influence the reliability of large 
steam turbine-generator units. Design, production and 
installation considerations currently employed by the 


Units 


author's company plus examples of operating and main 
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tenance practices that experience has shown to be most 
successful were used to illustrate these basic principles. 


“Four Years Operating Experience with Large, Liquid- 
Cooled Turbine-Generators’’ was offered by C. E. Kil- 
bourne and C. H. Holley, General Electric Co. The first 
large, liquid-cooled turbine-generator in the world was 
initially synchronized at the Eastlake Station of the 
Cleveland Electric Illuminating Co. on March 17, 1956. 
This generator, originally rated 260,000 kva, later, after 
confirming temperature tests, was rerated at 305,000 kva, 
is today accompanied by eleven sister units operated by 
eight different electric utility companies. These twelve 
generators, having a combined maximum capacity of 
over 3,000,000 kva, have accumulated over 19 machine 
years of operating history. This paper summarizes the 
experience of these years of machine service. 

Now—how have the twelve operating units performed ? 
To the best of their knowledge, there have been only two 
forced outages, one of 45 days, and one of 48 days. Both 
can be attributed to the “growing pains”’ of liquid cooling. 
In short, the availability of these units from this view- 
point has been 98.67 per cent. In addition to these 
forced outage days, these units have experienced planned 
outages whose total of SO days is attributable predomi 
nantly to problems associated with the growth of genera 
tor capacity above 200,000 kva. 

Starting with the very first machine, liquid-cooled 
units have performed well mechanically and thermally. 
Because of the design similarity to conventionally cooled 
units, there have been no new mechanical problems in the 
structural parts of liquid-cooled generators. Thermally, 
the machines have been outstanding in comparison with 
the conventional methods of cooling. It has been pos 
sible to increase the output of these generators substan 
tially without increasing frame dimensions and weights, 
and still preserve conservative temperature rises. For 
example, the first installation at Eastlake was rated 
260,000 kva at 30 Ib hydrogen pressure, whereas the 
same frame, for a conventionally cooled machine, could 
at that time be rated only 162,000 kva. In spite of the 
added 100,000 kva output, a 62-per cent increase over the 
previously obtainable output, the temperature rise of the 
cooling oil passing through the stator winding was 38 C, 
with an expected copper hot spot temperature of ap- 
proximately 42 C. This corresponds to allowable rises 
with the conventionally cooled machine of 60 C by RTD. 
The high-voltage bushings, which are arranged to use in- 
ternal gas cooling, showed a rise of only 11 C when carry- 
ing rated current. With the gap-pickup rotor cooling, 
the rotor winding showed an average rise of 38 C over the 
cold gas temperature. These moderate rises, associated 
with the already realized substantial increase in output, 
are significant characteristics of liquid cooling. 

The complete freedom from liquid leaks in the genera 
tor has been accomplished by rigid quality control tests 
that have been standard since the introduction of liquid 
cooling 


Owen K. Brown, Niagara Mohawk Power Corp., and J. 
W. Batchelor, Westinghouse Electric Corp., teamed up in 
the paper “Operating Experience with Inner-Cooled 
Turbine Generators.”’ 
successfully to fifty-five generators in operation today 
without any serious failures occurring in any component 


Inner-cooling has been applied 
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of the ventilating system. Reports are included of 
operating experiences On these machines 

rhe first of these generators with inner-cooling on both 
rotor and stator was installed at Unit no. 66 in the Charles 
R. Huntley Station of the Niagara- Mohawk Power Corp. 
Buffalo, N. Y [his generator was first synchro 
nized with the system on Jan. 19, 1954, or more than six 


\ report of the operation of this generator 


near 


years ag 
Che inner-cooled design is based on heat 
removal from the rotor 
flowing within the confines of the ground wall of insula 
tion. It should be that there is very little dif 
ference in the construction of the inner-cooled generators 
and preceding types with the exception of this ventilation 


was included 


stator conductors by gas 


and 


noted 


pattern 

(pplication of inner-cooling to generator design served 
to reduce drastically the amount of material necessary for 
a given rating. For instance, the rotor weight was re 
duced to almost one half the weight with the conventional 
Chis meant, of course, that the excitation re 


increased substantially, but this 


design 
quirements would be 
could be provided for without exceeding the limits of 
experience already available rhe service record of these 


machines has been excellent There have been only a 
few cases of trouble involving inner-cooling directly, and 
none of these were of a serious nature 

With the 


cooled rotor, it has become usual practice to operate the 
With present day 


a change in relative dimensions of inner 
rotor above the second critical speed 
balancing techniques, this has not introduced any prob 
lems. On the other hand, 
the shaft extension on three early machines, and make a 
closer check on the later machines before shipment 
Operating Experience with Conductor-Cooled Tur 
was the subject chosen by L. M. Abra- 
Light Co., and L. T. 


Rising fuel costs 


it is found desirable to de-tune 


bine Generators 
hamson, Wisconsin 
Rosenberg, Allis-Chalmers Mfg. Co 
made the improved economy of the large steam turbine 
It was apparent that some means had to be 
afford a the 


generators it was possible to 


Power and 


attractive 
that 
output 
Studies indicated that the most promising gains 


found would substantial increase in 


power from the 
build 
could be achieved by circulating an adequate quantity of 
the cooling medium within the main insulation wall 
Chis was accomplished on the first supercharged rotor 
by means of a powerful blower, and specially milled con 
a liberal area of contact with the high 
velocity Since the features of 
that design were previously presented to the American 


ductors, having 
hydrogen construction 
only a brief review was presented 

with rotor 
load fluctuations ranging 


Power Conference, 

rhe 
was subjected to 
from 25 to 70 Mw, sometimes within an eight-hour inter 
effects of differential ex 


initial installation conductor-cooled 


wide daily 
val In order to minimize the 
pansion on the conventional stator winding, a method of 
water control was introduced in June 1954. This con 
sisted of adjusting the water flow to the coolers so as to 
coil 
\ remotely controlled valve in the 


maimtain a generator temperature as constant as 
possible at all times 
inlet water header to the coolers was provided, with the 
controls located underneath a recorder which indicates 
On the subsequent 


Station 


water flow and coil temperature. 
larger unit at the Nelson Dewey 
water control was planned 


automatic 


\ common musconception about conductor-cooled 
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machines is that the high pressure blower causes excessive 
gas leakage. By comparison with the average static 
pressure within the casing, ranging from one to three 
atmospheres, the blower very low. The 
average gas leakage for the above three typical machines 
with conductor-cooled rotors for the past six months was 
12.2 cu ft per day. 


pressure is 


J. E. Downs and E. H. Miller, General Electric Co., 
discussed ‘‘Large Steam Turbine-Generators with Spin 
ning Reserve Capacity.’ This paper describes a con 
cept and suggests methods of designing a highly efficient 
steam power plant for base-load operation. Then, by 
drawing upon the characterstics which are designed into 
this station’s equipment to obtain maximum efficiency 
and nearly continuous availability, low cost additional 
“spinning reserve’ capacity can be provided for opera 
tion during periods of maximum system load. Thus, 
the features of two types of units are obtained in a single 
steam turbine-generator 

As the authors indicated, many of the components of a 
base-load station are designed quite liberally in order to 
provide the low velocities, the small pressure drops, and 
the good terminal temperature differences that are essen 
tial to obtain maximum efficiency in a base-load generat 
Some examples of components sized pri 
turbine exhaust 


ing plant 
marily with these considerations are 
annulus; condenser and circulating water system; feed 
water heaters; and the boiler air heater and economizer 
Other components are sized primarily to give minimum 
maintenance and outages, assuming continuous full-load 
operation. For example, heat equipment 
is designed for low water velocities at maximum load to 
Similarly, in 


exchanger 


prevent erosion with continuous duty. 


a boiler designed for coal firing, liberal and 


passages 
volumes are provided to prevent excessive ash erosion 
and slag accumulation with the fuel. 

These factors, together, suggest that a steam power 
plant designed for base-load conditions could be sub 
stantially extended in capacity for short periods of time 
at some sacrifice in efficiency, with the expectation ol 
some extra maintenance, and with perhaps only small 


pt rest 


increases in installed cost. 
Increasing the initial pressure beyond the base-load de 
sign pressure appears to be one feasible method of ex 


ploiting the component design characteristics to obtain 
Approximately 30 to 40 
per cent extra capacity may be obtained in this manner 


“spinning reserve’’ capacity. 


if the pressure is increased by a similar percentage 


“Spinning reserve’ capacity may also be obtained with 
out increasing initial 
steam is generated but is bypassed around the turbine 


pressure if extra-high-pressure 
high-pressure section and is readmitted at a lower pres 
sure to produce additional power. The extra steam by 
passing the turbine high-pressure section amounts to 
approximately S4 per cent of the base-load throttle 
flow 

he incentives for reduction of initial temperature, 
and final feedwater temperature do not exist to the same 
degree as for the increased pressure scheme described 
earlier. Accordingly, studies to date of the steam bypass 
arrangement have been on the basis of maintaining full 
temperature at maximum load and with all feedwater 


heaters in service. 
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Fig. 1—View in Wakayama gas-turbine installation; 150-hp steam turbine 


for starting at left. 


Next in order are gas turbines, c bustion chamber, 





axial compressor, and driven main air blower for fluid cat plant 


Development Experience With Prototype 
Gas Turbines 


By J. E. COOK’ 


Standard-Vacuum Oil Company 


N 1955 the Standard-Vacuum Oil Company em 
barked upon a program to modernize two refineries 
which included the installation of Research 

Model IV fluid catalytic-cracking units with gas com 

pressors and air blowers rated at 2300 and 2100 hp 

each, respectively Che catalytic-cracking plants were 
constructed in Wakayama, Japan, and in Palembang, 

Sumatra, and were of essentially the same capacity. 


Esso 


Fluid-Catalytic-Cracking Plant 


For the benefit of those who may be unfamiliar with 
petroleum refining, a brief description of a fluid-catalytic 
cracking plant order. 
essentially of two large vessels, operating as an integral 
unit. 
the ‘ 
gas-oil, together with a synthetic alumina-silica powder 
which a catalyst are fed into the reactor to 
produce high-octane gasoline, liquid-petroleum 
and other fuel The products from 
reactor are separated by conventional fractionation. 
the reaction, carbon is formed on the 
Flowing much like a “fluid,” the catalyst 
between the reactor 


may be in The plant consists 


One vessel is called the ‘“‘reactor’’ and the second, 
regenerator Heavy petroleum fractions such as 
acts as 
gas, 
products. the 

As a result of 
catalyst. 


circulates continuously and re 


* Presented at the ASME Gas 
Houston, Tex., March 6-9 160 
t Standard-Vacuur 


lurbine Power and Hydraulic Conference 


White Plains, N. Y 


n Oil Company 
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In the regenerator, the hot catalyst is con- 
tacted with air which burns off the carbon, thus re- 
newing the catalyst for continued The fluid- 
catalytic-cracking plant generates an excess of gas which 
is partially utilized as inexpensive fuel for the gas 
turbine. 
handles the cracked product gas for further processing 
and the other gas turbine drives the main air blower 
which supplies air necessary to burn the carbon off the 


generator. 


use. 


One gas turbine drives a gas compressor which 


catalyst. 


Gas Turbines Selected 


During the conception of the projects in Japan and 
Sumatra, consideration was given io the gas- 
turbine drivers to fill this application, but since a proved 
design in this capacity range had not as yet been manu 
factured, gas turbines were considered to be unavailabie. 
However, at that time, one manufacturer was project- 
ing the design of a gas turbine rated at 3000 hp which, 
although being larger than our apparent requirements, 
could be utilized. Since this machine was a new design 
and the manufacturer was rather anxious to put the 
unit into commercial Standard-Vacuum was 
made an attractive price for the purchase of four iden- 
tical machines. The price was substantially a standoff 
when compared with full-condensing steam-turbine 
drivers together with associated cooling water and boiler 


use of 


sery ice, 
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Fig. 2—View of gas turbine house, Wakayama Refinery. Proximity of 
short exhaust stacks (right) and air intake (center) tend to permit recy- 
cling of exhaust gas and increase intake-air temperature. Greater separ- 


ation is desirable 


It should be 


install gas 


their operation 
that the 
influenced by 
through the 


capacity required for 


emphasized, however decision to 


turbines was strongly the attractive fuel 


economy which would result burning of 


tail gas produced by the cracking unit Chis decision 
influenced by the fact that these 
ontrolled on site by the 


was further prime 


wholly « 


movers would be process 


operators as opposed to divided responsibility where 


utilities are generated at a remote powerhouse 


Early Operation 


machines went into service at the 


The Wakayama 
end of December 1956 and the Palembang machines were 
put in service Sept mber 1957 Considerable operating 
ditheulty was experienced with the Japanese machines 


during the first year of These machines 


first ol 
required some field ae 


operation 
were the i new line of gas turbines and naturally 
velopment and modification of de 
Since the 
Japanese machines by 
to take advantage of the Wakay 


incorporate many of the 


tails subsequent to the Palembang 
followed the 
sible 


experience and 


Startup 
machines some 
months, it was pos 
desired 
changes in the startup 
relatively little operating difficulty has been 


rhe Palem- 


Service tor mayor 


ima 


Palembang machines before 
\s a result 
Palembang machines 
taken out of 
first I4 


machines were 


experienced with the 
bang machines were not 
months of 
taken out ol 
Service lor a 


inspection during the operation 


The Wakayama 
ilter 4¢ 


service 1 


\ugust 1957 months of general 
inspection coincident with the cracking unit turnaround 
It is the 


mamtenance 


company s practice to review operating and 


experience gained during the first year of 


operation ol prototype units 


Difficulties Experienced 


Che ditticulties during this first vear 


were 


expenenced 
lL. Carbon buildup on gas nozzle 

2. Ambient temperature in excess of design tempera 
ture 


3. Adjustment of thermocouples in the flame pattern 
for optimum control temperature positioning 


t. Failure of the Kingsbury thrust bearing 
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5. Axial-compressor-blade fouling. 

6. Accidental plant shutdown through faulty instru 
mentation. 

7. Range of 
lubricating oil system. 

S. High sulfur content of the fuel gas. 


recording temperature indicators on 


Sulfur in Fuel Gas 


turbine blades are manufactured from alloy 
material, the composition of which is known to the 
Blades operate in 


This 


Gas 


general public only as a trade name. 


a hot gas atmosphere of 1350 F at S600 rpm 


condition plus various transient stresses causes blades to 


work very near, and occasionally beyond, their fatigue 
limits. Therefore,; any impurities carried in the fuel 
stream which react with the blade metallurgy inevitably 


result in blade damage. 


wil 


8 


MPRESS 


a mMeUST 
MPRESS THR 34 TURBINE 


Fig. 3—Flow diagram for simple-cycle gas turbine showing pressure and 
temperature at significant points 

[he present machines were designed to burn a fuel 

gas that had a maximum of 3.6 per cent hydrogen sulfide 

crude 


rhe refinery was then running “‘sour 


facilities with the 


content. 
without desulfurization 
that the hydrogen sulfide in the fuel gas was normally 


consequence 
ibout 4.5 per cent by weight. On infrequent occasions 
the hydrogen-sulfide content of the fuel gas exceeded 
6-—S per cent for short intervals 

When the Japan machines were shut down for thet 
first inspection after 7 months of continuous running, tt 
was found that practically all of the blading in the 
first two both rotating and had 
cracked about midway of the blade length on the trailing 
As a result, all blading was removed, polished 
ind blued for this 
way hairline cracks were revealed in blades which pre 


stages Stationary, 
edge 
Prussian careful examination. In 
viously appeared to be sound 

One complete spare rotating assembly and one com 
set of stationary diaphragms purchased with the 
machines were installed in the thus 
restoring this machine to substantially new condition 
After the repair of the first machine there was not a 


plete 
air-blower driver 


complete set of undamaged blades that could be sal 
vaged to repair the second machine. As a 
set of blades had to be reworked in the field to restore the 
Meanwhile, sample cracked 
States for 


result, one 
second machine to service 
returned to the United 
by independent metallurgical laboratories revealed the 


blades examination 
following 

|. Corrosion and cracking of the gas turbine blading 
was caused by high temperature sulfur corrosion 
only low 
that the 


2. To prevent similar failures in the future, 


sulfur fuel gas should be used. Indications are 
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Fig. 4—Cracked turbine rotor blade due to sulfur in fuel gas 


gas, after dilution with 
10 grains/100 cu ft at 


sulfur content of combustion 
air, should not 
temperatures between 1200-1400 F. 


On the basis of this opinion, Wakayama installed 


exceed about 


desulfurization equipment to completely eliminate sulfur 
in turbine fuel gas 

Figs. 4 and 5 show the condition or rotating and 
stationary blades as found upon opening the turbine 
Figs. 6 and 7 show the blades after reworking and ready 
for continued service Reworking involved grinding 
away a large area of material surrounding the cracks and 
blade \ small hole was drilled at the 
end of cracks in the stationary blades to serve 
as a stop against continue. cracking. This is clearly 
shown in Fig. 6. After blade assembly, the rotors were 


rebalanced in one of the large industrial machine shops 


redressing the 


SOME 


in Japan and returned to refinery service. 

It is note that at the 
inspection 8S later there evidence of 
further cracking of the reworked blades. It is equally 
interesting to note that hairline cracks were discovered in 
13 of the new blades which had been installed earlier in 


interesting to next general 


months was no 


spite of the fact that both machines had been burning 


sulfur-free fuel during these 8 months. This experi- 


Fig. 5—Cracked turbine diaphragm blades due to sulfur in fuel gas 
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Fig. 6—Cracked turbine diaphragm blades ground and drilled ready for 
reuse 


ence leads Standard-Vacuum to the conclusion that while 
sulfurous fuel may be a contributory factor, it is not the 
reason for the cracking of gas-turbine blades. 
This problem remains the subject of extensive research 


basic 


by all parties concerned. 

The company’s keen interest in this aspect of machine 
service life will be readily understocd when it is known 
that the factory cost of a new rotor and a set of dia- 
phragms has been quoted at $183,000. The deleterious 
effect of sulfur in fuel upon the life of gas turbine blading 
is well known throughout the industry. Our corrosion 
experience with an average of 1 to 3 per cent excess 
sulfur burning in a high temperature zone has been 
somewhat shocking—both to ourselves and to the 
machine designers. 

In order to prevent turbine blade cracking in the 
future, we understand that the manufacturer is cutting 

i in. from the trailing edge of the first two of the four 
stages, thus increasing the blade thickness at this point 
on all future blade deliveries for these machines. They 
that this modification will reduce the engine 
efficiency about '/;) per cent, but contend that reduced 


maintenance costs firmly justify this loss of engine 


pgp eae 
3} 4) a 6 7| 8) 9 
copeesesengagaeed HULL ET 


advise 


Fig. 7—Turbine rotor blades with cracks ground out ready for reuse 
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oe 


Fig. 8—Combwustor basket. Note small drill holes at each step to increase 
secondary air for improved combustion 


efficiency Engine efficiency of these machines 1s 


normally about 17'/. per cent maximum 


Carbon Buildup on Burner Nozel 


During the several test runs before and after plant 
the operations were plagued with heavy de 
Fig. S shows 


Start-up 
posits of carbon on the burner air baffles 
the combustion-basket assembly, and Fig. 9 the carbon 
baffle plate surrounding the burner 
nozzle. It determined by laboratory test that 
carbon buildup resulted from burning fuel having appre 
ciably higher heating value than that contemplated in 
the design specification. The condition was corrected 
by drilling additional holes in the combustor basket to 
increase the volume of primary combustion air. Carbon 
experienced with the Palembang 
the remedy was to weld 
baffle plates, thus re 
Sub- 


sequently all combustors were redesigned and replaced 


formation on the 


was 


buildup also was 
machines, but in this instance 
holes in the 


closed some of the 


ducing the amount of primary combustion air. 
by the manufacturer 

Experience indicates that combustor design is sensitive 
to the heating value of fuel burned. Obviously a great 
deal of trial and error was necessary at each of the two 
refineries before the optimum air/fuel ratio was estab 


lished and burner cleanliness was obtained. 
Aingsbury Thrust Bearing Failure 


Within a few days after start-up following the August 
turnaround in Japan, the gas compressor driver dropped 
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The Kingsbury thrust bear- 
(It will be remembered 


out of service under load. 
ing failed for lack of lubrication. 
that this is the machine which was fitted with the 
doctored cracked blades during the turnaround. But 
this fact has no bearing upon the thrust bearing failure.) 

The lubrication failure is charged to two accounts: 
(1) The release of welding slag in the oil line partially 
closed a */, in. orifice, and (2) the improper application of 
temperature recorders to sense lubricating oil tempera 
ture. 

Much of the 3 in. and 1 in. oil circulation system was of 
welded construction. The lines were picked, cleaned 
and oil flushed in the factory and oil flushed in the 
field before start-up and again during the turnaround. 
It is believed that a fragment of welding slag lodged 
in a recess in a flanged coupling, became dislodged as a 
result of vibration, and was carried by the oil stream to a 

s in. orifice plate at the thrust bearing inlet nipple 
where it may have obstructed the oil flow to the thrust 
A partial rather than complete cut-off of lube 
the temperature record. This 


bearing. 
oil was indicated by 


showed a steadily rising oil temperature for about 15 

min and was sustained for about 1 hour prior to failure. 
The original installation included a single temperature 

printer-type recorder having a range of 0-1100 F and 


upon which nine temperature points were recorded. 
Five of these points recorded lubricating oil stream 
temperatures ranging between 105 and 160 F making 
temperature readings on the low side of the chart illeg 
ible. The operator had apparently neglected to observe 
the 16 deg F temperature rise produced by the failing 
thrust bearing. Only an alert and experienced operator, 
conscious of the implications of this particular tempera 
ture change, would have sensed the impending danger to 
the machine 
for intensive operator training, especially on prototype 
equipment. It also emphasizes the 
a separate low range recorder for lubricating 
In addition to installing a 0-300 


This experience emphasizes the necessity 


necessity for 
providing 
oil temperatures only. 
F recorder for this purpose, thermowells were installed 
to measure bearing-metal temperatures. These are 
recorded on the same chart with the oil streams. 

The machine sustained severe internal damage to 
blading and shaft. The Kingsbury bearing was thor 
oughly fused, the shaft bent, and both the turbine and 
axial compressor blading scored and bent. Thrust is 
in the direction of the axial compressor so that the 


Fig. 9—Burner nozzle and primary air baffle plate, showing carbon build-up 
on baffle plate 
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Fig. 10—Kingsbury thrust bearing collar showing effect of intense heat 
resulting from lubricating oil failure under load 


permitted the rotor to slip 0.435 in. 


bearing failure 
in the the driven load, causing rotating 
blading to contact and deform diaphragm blading. 
and 11 show the Kingsbury thrust-bearing 
shoes after lubricating oil 
turbine blading 


direction of 


Figs. 10 
collar and 
failure. Fig. 
after the failure 
The machine was repaired in 21 days by virtue of 
considerable improvising and the utilization of re 
worked blades, as well as replacement of the shaft by 
the which from this machine 


during the August turnaround. 


bearing 
the damaged 


thrust 
12 shows 


one had been removed 


Gas Turbine Performance 


Standard-Vacuum has learned through experience 


that gas turbine performance is extremely sensitive to 
temperature despite the fact that about 60 
required for combustion is 


ambient 


times the amount of air 


Fig. 11—Destruction of thrust bearing shoes resulting from lubricating oil 
failure 


COMBUSTION June 1960 


Fig. 12—Damaged turbine blading after lubricating oil failure 


drawn through the machine. <A power loss of about !/2 
per cent per degree F above 8O F can be 
when operating above design air-inlet temperature. 
Performance is equally sensitive to axial-compressor 
fouling caused by the buildup of foreign material upon 
both the rotating and stationary blades. Load capacity 
drops from 3 to 5 per cent per pound drop in axial 
compressor discharge pressure. The combination of 
these two factors had reduced power availability from 
the design rating of 3000 hp to an actual 2100 hp before 
the significance of this sensitivity was realized. The 
condition was forcefully brought to attention when the 
Wakayama Refinery was forced to cut throughput for 
lack of gas compression power during a 100 deg F heat 
The molecular weight of gas, at that time, was 
above the design specification which increased 
the power demand. Except for the high ambient, 
plus axial compressor fouling, the gas turbine 
adequate to meet load demand. Fig. 15 illustrates the 
effect of fouling upon power availability. 


ex] ected 


wave. 
also 


was 


EFFECT OF AXIAL COMPRESSOR FOULING 
PON POWER AVAILABILITY 


TURBINE DESIGN POWDR AVAILABILITY 
—.— ns 





EFFECT OF COMPRESSOR FOUL INC 
ON TURBINE POWER 


AXIAL COMPRESSOR DESIGNED POWER DEMANL 





4 


EFFECT OF COMPRESSOR FOULING 
| ON COMBUSTION AIR 
| DRIVEN LOAD 
3.000 } a aoa 


AD LOSS DUE TO COMPRESSOR FOULING 





8 
F RUN IN MONTHS 


A - Point at which driven load begins to decoy under constant speed 


B Point at which speed 1s increased to compensate for fouled compressor lood loss 


Fig. 13—Effect of axial compressor fouling upon power availability. 

Degree of fouling is indicated by reduction of compression ratio, and may 

be compensated for within design limits of equipment, by increasing engine 
speed to meet shaft horsepower requirements 


59 





MODEL © 3! «GAS TURBINE 
WAKAYAMA JAPAN 


Fig. 14—Standard compression ratio curves with field test points super- 
imposed to indicate degree of axial compressor fouling 


It will be noted that 
total internal power generated by the turbine wheels is 


ipproximately two thirds of the 


internally by the axial leaving 
third available 


rhis accounts for the 


consumed compressor 


ibout one for driving an external load 
low thermal efficiency of simple 
cycle gas turbines 


blade 


was obvious 


The necessity for compressor cleaning without 
Phrough 
and the 


devised It 


taking the machine out of service 
the jount experiunent il effort of Esso Research 
method 


uring 


manulacturer a satustactory 
that the sé 


required, and 


was 


was concluded iction of a soft, dry 


ibrasive was 00 mesh spent catalyst was 
found to be effective 

The degree of fouling can be determined by noting the 
loss of discharge pressure in the axial 
ited in Fig. 14 \ 


per cent per Ib pre 


compre ssor as 


mcd loss of about 4 


When 


outlet pressure drops from the normal 


power output 
ure drop can be expected 
ixial compressor 
ibout 46 psig 
00 hp, catalyst 1s hand fed into the 


rate of 3 lb per min for 15 min 


of 50 psig to representing a shaft output 


power loss of ibout 
ur-intake strean 
complete cleaning 


that substantially 


within the first 5 minutes of the 


Experience show 
is effected 


spent catalyst 


injection of 
Figs. 15 and 16 were plotted showing the spent catalyst 
myection rate 
s of the 


on operating m 


per unit versus the operating charac 


terist turbine Phe efliciencies shown are based 


trumentation and are, of course, only 


relative indi 
Inlet-at 


tion of aw 


itor for operation 

installa 
iS necessary 
treated 
It is reported that the use of 


temperature can be lowered by the 


Here 


water 


washers extreme caution 


to insure effective baffling rhe use of 


boiler water 1s essential 


untreated water and inadequate baffling in one power 


house imstallation in South America accelerated com 


pressor fouling beyond the calculated benefits of lowered 


air-inlet temperature This condition has been cor 


rected satisfactorily 
Conclusions 


It is emphasized that a willingness to accept prototype 


equipment axiomatically implies a willingness to accept 
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Fig. 16—Gas-compressor-turbine, spent-catalyst cleaning data 


joint responsibility for the correction of engineering 
details associated with new design concepts, unpredict 
able plant interruptions and downtime, loss of through 
the both 


were 


mental 
management 


much anguish on 
ind There 
during the first year’s operating experience when Stand 
ard-Vacuum felt that the sponsoring of prototype ma 
But with this 


put and part ol 


operators occasions 


chines had been a questionable decision 


experience behind us and with a fuller understanding of 


limitations of the machines, the 


an extended period ot 


the capability and 
is looking forward to 


reliable and economic power for cat-plant air blowers and 


company 


gas compressors with gas-fired-turbine drivers of this 
capacity he economic utilization of waste-fuel prod 
ucts is a strong incentive for pioneering in the application 
of gas turbines 

We feel rather strongly 
designed for about 15 to 20 per cent excess capacity over 
load This would 
umount of compressor fouling and seasonal 


that gas turbines should be 


maximum requirements permit a 
reason ible 
rise in ambient without the necessity for reducing load 
Chis added design capacity should 
the 


nore realistic 


on the driven unit 
a fouling factor just as is done in 


heat-exchanger design to afford 


be accepted is 
case ol 
evaluations of gas turbine performance under actual 


operating conditions 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


The Chemistry of Carbonization In- 
vestigated on Polymeric Bituminous 
Coal Model Substances VII. Ap- 
plication of the New Insight to Bi- 
tuminous Coal. |). W. van Krevelen, 
P. M. J]. Wolfs’and H. I. Waterman 
Brennst Chen 959, 40 (Dec.), 371-7 
(in German 

The new knowledge gained from 
the results of the studies described 
in the previous articles is discussed 
with reference to its application to 
the coking mechanism of bituminous 
coal Analogue have been found for 
the temperature range of decomposi 
tion and jasticit selectivity ol 
gas ! tar formation, course of 
composition of decomposition prod 
ucts an fluence of temperature 
time histor new equation for the 


condensed umber has been 


derived and the average number of 
bridges pet tructure unit is 
probabl bituminous coal 
Pentative con ire drawn of the 
functional distribution of the ele 
ments, especial] dre n 
Thermo-gravimetric Studies of Coal 
and Model-substances. J. A. Cor 
rales at \\ in Krevelen 
33 (Jan LO-6 
included | 
ind chemical 
decompositior pure substances 
Z a] nixtures 3) 
mixed porization and decomposi 
tion porization of substances 
absorbed porou materials 
5) decomposition of coal (i) devola 
tilizatior ited coals 
Prediction of the Coke Quality from 
Composition of Coking Blends of 
Medium- and Low-volatile Coals. 
I) in Krevelen, F. J. Huntjens 
ind A H. Wilm 1 Inst. Fuel 
1LO60, 33 
It is shown that results obtained 
bv the dilaton st can be used to 
decide t vhat irt e size the coals 
im a 3 » be ground to 
produce a factory quality 


Steam Generation and Power 
Production 


Thermo-dynamic Properties of Na- 
tural and Heavy Water. \. A. kiril 
lin and S \. Oulibin Te ploener 
getika 1959 (Dec 77-S0 (in Russian) 


Experiment have been carried 
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out into the density of heavy water 
The thermal properties of D.O and 
H.O are compared 


Reference Values of Specific Heat 
c, for Water and Steam. A E 
Sheindlin, E. E. Shpilrain and V. V 
Siche\ Teploenergetika 1959 (Dec.), 
80-3 (in Russian) 
Existing experimental 
cp for water and steam are analyzed 


values for 


and a table of reference values has 
been compiled for pressures of up to 
700 kg/em.* and temperatures up to 
650 oll 


Reduced Coefficients of Frictional 
Resistance during Flow of a Steam 
Water Mixture in Pipes. N. | 
Semenov and B. I. Sheinin. TJep 
loenergetika 1960, 7 (Jan.), 33-7 
(in Russian) 

rest data on the 
slightly 
flow through them of a steam/ wate: 
mixture are analyzed and compared 


resistance ol 


inclined pipes during the 


with such information in regard to an 
air, water mixture 


C. E.G. B. abstract 


Pressure Vessel Overtemperature 
Hazards. |). B. Rossheim, J. J. Mur- 
phy, G. P. Eschenbrenner and R. §$ 
Eagle. A.S.M.E Preprint No. 59-A 
319, 1959, (Dece.), 13 pp 
rhe nature, sources, effects and 
means of detection and control of 
excess temperatures in pressure ves 
sels are considered and suggestions 
made for design, operating precau 
tions and establishment of a code 


Thermodynamic Investigations of 
Boiler Heating Surfaces at High 
Heat Release Rates. K. R. Schmidt 
Vitt V.G.B. No. 63, 1959 (Dee 
391-401 (in German) 

Phe occurrence of film evaporation 
i.e., the formation of a steam cushion 
of low thermal conductivity on the 
inside of tube walls, has been investi 
gated as a function of flow velocity, 
tube diameter, direction of flow 
wall temperature, pressure and heat 
release rate The results are pre 
sented in graphs and discussed 


Problems of Forced Flow Boilers with 
Special Attention to the Steam and 
Water Flow. R. Michel Vitt. | 
G.B. No. 63, 1959 (Dece.), 402-14 
(in German) 

The arrangement of the various 
forced flow 


heating surfaces in a 


boiler, i.e 
mizer, superheater, reheater, is dis 
cussed so that everywhere sufficient 


, evaporation tubes, econo 


flow velocities are obtained, excessive 
temperatures prevented and the risk 
Closed 
stopping circuits are 


of film evaporation is avoided 
starting and 
recommended 


Recent Boiler Designs with High 
and Ultra-High Steam Parameters. 
K. F. Roddatis. Teploenergetika 1960, 
7, (Jan.), 3-13 (in Russian) 

A review is presented of the larger 
Russian-produced boilers and_ their 
elements based on materials supplied 
by the Ordzhonikidze Krasnyi Kotel 
schik Factory, and of decisions of 
technical committees of the Rostov 
and Moscow Councils and Ministry 
of Power Station Construction De 
tails of numerous boilers are set out 
in 7 tables for comparison 

C.E.G.B. abstract 


An investigation into the Performance 
of a TP-170 Natural Gas Fired Boiler 
with Variable Feed Water Tempera- 
ture. G. M. Poliakov, A. V. Ilyin, 
A. V. Zimachinsky and G. A. Scha 
por Te ploenergetika 1959 (Dec.), 51 

5 (in Russian) 

Ihe results of tests are presented of 
operating the boiler at loads from 110 
to 190-t, hh and feedwater temperatures 
from 150 to 215 C rhe relation of 
heat loss in the flue gas to the feed 
water temperature at constant evapo 
ration is shown 


Industrial Boiler Design. T. KB. Hurst 
and C. C. Hamilton A.S.M.E. Pre 
print No. 59-A-78, 1959 (Dee.), 7 pp 

The design of boilers with gas, oil 
or coal firing is discussed and figures 
presented of heat liberation (Btu 
cu ft/hr), heat release rates (Btu 
sq ft/hr), relationship between fur 
nace depth and heat release rate per 
ft burner wall, heat release rates for 
various types of grates (Btu/sq ft 
grate/hr), superheater tube spacing 
and range of steam mass flow values 
Designs of furnace walls for pressure 
fired and_ stoker-fired boilers are 
shown 


Modern Steam Generators for the 
Firing of Blast Furnace Gas and 
Pulverized Coal. K.Nuber. B.W.K 
1959, 11 (Dec.), 566-9 (in German) 
The difficulties of designing steam 
generators for the firing of blast 
furnace gas and pulverized coal either 
singly or in any proportion are dis 
cussed and two examples shown of how 
these have been solved In one plant 
with 3 boilers each rated at 110 klb/h, 
1200 psi and 975 F the gas burners are 
installed in the rear wall of the 
lurnace to improve the mixing of 
air and gas there are five rows of 


six burners each with inserts in each 
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mouth to ‘‘tear up’ the gas 
with the air 


burne! 
tream as it is mixed 
the coal is pulverized in a central 


plant, stored in intermediary bunkers 


and injected through corner burners 
In the other plant 


rated it OO klib/sh 000 psi 


with boiler 


each 


ind 950 F gas burners ol imilar 
design ire installed below the p.l 
burners in ich corner Since the 
boilers contains up 


there 


fly ash from these 
per cent combustible 


to 40 
ire added to each boiler small verti 
cal water-cooled slagging turnace 
in which a mixture of pulverized coal 
ind fly ash is burned, the combustion 
ises being added to those in the 
wate! cooling 


main furnace and the 


tem forming part of the main 
circulation system 
Inspection of Large Boilers. (G. Bar 
nard lect. Re O60, 166 (Jan. | 
\ 

It i uggested that in addition to 
the generally very careful inspections 
during fabrication of part erection 
mm site and annual statutory overhaul 


ill eles 


ind controls, steam line 


inspections of trical equipment 
feedwater 


tube samples and instruments be made 


b in independent authorit to en 
ure trouble-free operation during 


the following operating period 


Boiler Furnace Fuel Explosion Survey. 
J B Smith l V1 Preprint 
No. 59 . 1954 (Dec pp 

The ol 
especiall pulverize 
boiler ha\ been analyzed and the 
detailed Meas 


iccidents are 


explosions 


boiler 
1 coal tired 


most lrequen 1M 
ure to preven uch 


ci cu ed, 


Some Observations on the Specific 
Surface of Coals. S. J. Gregg and 
M. 1. Pope. Fuel 1959, 38 (Oct 


Vilrain has 


Dhe pecil 


been determine¢ nitrogen and 


n-butane adsorptior iO K Che 





SALARY PLUS 


for experienced Design Engineer 
for packaged and largest water 
generators, 


tube boilers, steam 


Midwest 


industrial heaters 


Box 100, COMBUSTION 











PATHWAYS OF 
A PIONEER .-. 


DESIGNERS 
AND 
BUILDERS 


MODERN 
EQUIPMENT 
FOR 


1947 was the year in 
which this first large (400 
gpm) automatic ionXchanger 
for the removal of silica 
from high pressure boiler 
feed water was installed 


Blazing the Way for 
De-I Developments 


Again we bring you an example of how IWT 


has always been in the forefront of the de- 
velopment of practical and successful ion- 
exchange The big boiler-water 


de-ionizer shown above is now more than 12 


equipment 


vears old, 


joined by two more IWT units of similar size 


is still in operation, and has been 


prawling midwestern chemical plant 
ILLCO-WAY 


led to and modern- 


in this 
Many 
ionXchange have since ad 
ized their installations as new developments 


other early users of 


became available. 


which IWT started in 


idvent of the first commercial 


The pioneering work 
1937, with the 
ionXchange resins 
for the benefit of present users of IWT equip- 


is still being carried on 
ment, as well as future customers. New ideas, 
new; processes, new resins, new methods of 
construction, n materials, new parts and 


ACCCSSOTICS ill these are under constant 
consideration from the foundation of long 
experience and with the zeal of the forward 


fook 


THIS EXPERIENCE 
CAN MEAN A LOT TO YOU 


If you need pure water for high-pressure 
boiler make-up or process use, or if you 
are considering the use of ion-exchange 
for purification or concentration of 
chemical products, be sure to take ad- 
vantage of IWT pioneering experience 
and specialized knowledge. Call your 
IWT representative. 


ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST ele, @2e) eye aal, lel) 
NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y 
CANADIAN DIST. : Pumps & Softeners, Ltd., London, Ont 


specific surlace calculated by n-butane 
adsorption agrees with the heat of 


wetting values using methanol as 


wetting agent 


Chemical Structure and Properties 
of Coal XXIV--Sound Velocity and 
Fraction of Aromatic Carbon. D. W 
van Krevelen, H. A. G. Chermin and 
J. Schuver Fu : 38 (Oct 
1S33-S 

\ method for calculating the trac 
coal from 


tion of aromatic carbon in 


the velocity of sound density and 
elementary analysis is described The 
results obtained by this method are 
those from the 


practi ally equal to 


densimetric method 


to the Research into 
Coal Structure by van Krevelen’s 
Method. \ Rona Brennst 
1959, 40 (Nov 346-54 

rhe calculation of the 
itoms, the accuracy of the determina 


Contribution 


Chem 
in German 
volumina of 


tion of aromaticity and the theoretical 
basis and extension of van Krevelen’'s 
rhe results of 

claimed to 


method are discussed 
these considerations are 
contirm that bituminous coal consists 
of individual molecules of average 
molecular weight and is not a poly 
meric substance built up of structural 


units 


The Chemistry of Carbonization In- 
vestigated on Polymeric Bituminous 
Coal Model Substances. VI. The 
Plastic Behavior during Carboniza 
tion. P.M. J. Wolfs, H. I. Waterman 
and I). W. van Krevelen. Brennst 
Chem. 1959, 40 (Nov 
German 

[wo extreme processes are shown 
to be possible during carbonization of 
these model substances analogous to 
the behavior of different coals and 
their plastic behavior can be explained 
simply by the position of the de 
composition curve relative to the 


soltening curve 


Mechanical Handling 


Coal Bunker Explosions -Cause and 
Prevention. W. W. Hagnauer and 
K. W. Hamming ul Utiliz. 1959 
13 (Nov.), 24-6 


rhe conditions in which gas may be 
evolved in coal stored in bunkers are 
discussed and the means described by 
which accumulations of gas and the 
explosions can be 
Sufi 


cient ventilation to remove explosive 


possibility ol 


avoided hese include 


gases 2) elimination of coal dust in 
convevor rooms by proper ventilation 
3) improved design of bunkers to 
reduce hang-up of coal with an illus 
tration of preferred bunker 


t) operating factors including regular 


design 
cleaning and inspection 
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Furnaces and Combustion 


The Prevention of Acidic Smut Emis- 
sion from Oil-Fired Boilers. Anon 
Steam Engr. 1960, 29 (Jan.), 114-5, 
122 

Acidic smut emission from oil 
fired Supereconomic boilers has been 
stopped by the injection into the 
flue gas of a finely divided alkaline 
hygroscopic powder (D.C.P.58) the 
particles of which provide nuclei for 
the absorption of acid and greasy 
particles. The agglomerated particles 
are subsequently extracted in a spe 
cially designed Turbocell’’ dust col 
lector [The design of the injecting 
device is described briefl\ The intro- 
duction of this powder resulted in a 
reduction of the acid dew point of the 
flue gas by 20 I 


An Experimental Investigation of 
Fuel Additives in a Supercharged 
Boiler. R. |]. Zoschak and R. W 
Brvers A.S.M.E. Preprint No. 59 
A-160. 1959 ( Dec 0) pp 

Pilot plant experiments are de 
scribed in which various magnesium 
and aluminum compounds were used 
as additives to washed fuel oil and 
ash accumulations and corrosion stud 
ied Ihe ash deposits were generally 
very heavy but could be removed by 
soot blowing Che inhibited ash was 
not corrosive at temperatures up to 
1600 F with an additive ratio of 1.5 
Mg I\ Tentative suggestions are 
made regarding the process of ash 
deposit formation 


Steam Generation and Power Produc- 
tion 


The Critical and Two-Phase Flow of 
Steam. W. G. Steltz. ASME Pre 
print No. 59-A-223, 1959 (Dec.), 8 pp 
Analytical and digital-computer 
studies have been made and are com 
pared to the critical flow of steam 
Choking velocit critical pressure 
ratio and critical flow per unit area 
are presented as a function of inlet 
conditions \ Mollier diagram gives 
the exponent in the wet and super 
heated regions 


The Effect of Non-Uniform Heat 
Distribution on Steam Generation in 
Tubes. P.G. Morgan. Engng. Boil 
Ho. Rev. 1959, 74 (Nov 336-8 

\ summatr i presented of a 
Russian paper dealing with the effect 
f non-uniform heating on the transi 
tion from bubble to film boiling An 
equation for the calculation of the 
critical heat flow has been developed 


Development of Boiler Design by 
Sulzer Brothers Limited. Anon 
Engng. Boil. Ho. Re 1959, 74 (Nov.), 
340-4 

\ review of the boilers built by this 
firm and particularly of the monotube 
boiler and its controls 
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Research 
Responsibility 
Results 


EREVE® GASES ARE 
CLEANED OR HA 


= 


guarantees will be 
tion on the products of 


AEFOTEC INDOUST?i 
INCORPORATED 
EXECUTIVE EEN 
Piants at 
Canadian Affil a 





A 
reading gage 


@ Most boiler drums are high — direct 
gages are far from operating floor. 

@ Obstructions often make gages hard 
to see — necessitate special equip- 
ment or frequent climbing to 
inspect. 

@ Remo® gage saves thousands of steps, 
houfs of valuable time. Brings gage 
reading down to eye level at safe 
distance from boilers. 








Why Reliance 


EYE-HYE 
A 


@ EYE-HYE assures perfect measurement, de- 
pendability and clear reading. 





-hydrostatic inciple — no echanicz 
@ All-hydrostat rinciple no mechanical 
parts — no adjustments on location. 


@ Reads in liquid, like a conventional gage, but 
easier, faster because of illuminated green 
indicating fluid. 


@ Oldest practical remote gage — 
over 13,000 in use — on land 


and sea. 


@ Economical special attachment 
actuates supplementary alarms, 
audible or visible, if desired. 





@ Available for either wall or panel mounting, 
new wide-visibility EYE-HYEs are made for 
any pressure range — up to 3000 psi. Also 
long window model for unusual liquid level 
variation — for tanks, heaters, etc. 


Write for catalog information on EYE-HYE 
for your boiler pressure. 


The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio 


Reliance Gm 
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Steam Generators for Indirect Steam 
Generation. O H Hartmann 
Energie 1959, 11 (Nov.), 546-8 (in 
German 

rhe inventor of this type of boiler 
surveys the development and fields of 
application which are mainly small 
and medium industrial plants. The 
great advantage of this boiler is that 
the steam generated directly flows in 
a closed circuit which has to be filled 
once only with demineralized water 
when starting up and requires very 
little make-up, while the steam for 
consumption is generated in a drum by 
heat exchange with the directly gener 
ated steam and the feedwater require 
ments are thus less onorous Various 
designs of boilers are illustrated 


Small Boilers for High Heating Tem- 
peratures. K. Perl. Energie 1959 
11 (Nov 548-9 (in German 

Che corner-tube boiler has proved 
particularly suitable for the generation 
of 100,.000-200.000 keal h either at 
high pressures (up to 100 ati) when 
using steam as heat carrier or at low 
pressures (up to 6 atti) using a liquid 
heat transler medium signs 
proved successful in operation are 
illustrated 


Automatic Coal-Fired Boiler Plant. 
\non Steam Ener. 1959, 29 (Dee 
ia 

\ summary 1s presented of the 
papers to the conference held b the 
Combustion Engineering Asso in 
November 1959 dealing with various 
aspects of mechanical handling of fuel 
and ash, mechanical tiring of boilers 
and automatic controls for smaller 
and larger plants. A few case his 
tories showed the improvements ob 
tainable by such controls 


Vibration Cleaning Boiler Heating 
Surfaces. V. 1. Chastoukhan and 
hk L. Zarechansky COMBUSTION 
1959, 31 (Nov j3o-40 

\ system of vibrating the tubes of a 
La Mont waste heat boiler to free 
them from deposits is described 
Vibration periods of 1'/:-2) min 
every 15-20 min. at a frequency of 
28-30 ¢ s have proved successful 


Belongs the Future to the Gasifying 
Burner? F. Wilkens Energie 1959 
11 (Nov 552-3 (in German 

rhe Intherma’’ burner has been 
designed for use with Bunker C oil 
preheated to 160 F and gasified with 
superheated steam at 1020 F to 
produce a gas consisting mainly of 
methane The resulting flame is soft 
and hot (1600 F) and because of very 
low excess air requirements the CO 
content of the flue gas is about 15 
per cent \bsence of corrosion in the 
low-temperature surfaces despite an 
exit flue gas temperature of 265 F 
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is ascribed to the fact that in the 
production of the methane all the 
hydrogen in the steam, oil and air is 
consumed so that any SO; formed 
cannot combine with hydrogen to 
form HeSO, 


Water-Side Corrosion and Water 
Treatment 


Present-Day Feedwater Treatment 
for High-Pressure Boilers. P. Hamer 
Eneng. Boil. Ho. Re 959, 74 (Dec.), 
368-71, 374 

An abridged version of the author's 
paper to the I.M.E. is presented which 
discussed Control of steam 
purity ») deaeration of boiler feed 
water 3) solids in steam and de 
posits +) steam washers; (5) control 
of corrosion in boilers 6) corrosion 
in the absence of oxvgen 7) 1dle 


boilers S) acid cleaning 


The Water in Power Station Opera- 
tion. FP. Pracht Energie 1959, 11 
Novy 914-26 (in German 

\ review dealit with | Com 
ponents of boiler water 2) acid 
cleaning of boilers on site or of boiler 
parts in the wor }) feedwater 
requirements t team-water sepa 
ration in the drum ») feedwater 
treatment method (i) teedwater 


treatment in industrial power stations 


‘ cooling water treatment S) 
additions to the feedwater 


Hide-Out Effect and Decomposition 
Phenomena in Heating Surfaces of 
Steam Generators at High Heat 
Release Rates. E. A. Ulrich. Tec/ 
Uberw. 1959, 11 (Ne 95-S (in 


(German 


The occurrence of hide-out and 
film evaporation, their dependence on 
heat release rate, mass flow and salt 
content of the boiler water, and their 
effect on scale formation and tube 


failure are discussed 


Solubility of Ferric and Cobalt Oxides 
in Dilute Hydrazine. R. S. Youn; 
Ind. Chem. 1959, 35 (Nov 549 
Experiments have shown that the 
protection against corrosion ol a 
standby boiler filled with water con 
taining hydrazine at normal tempera 
ture and pressure is due to direct 
reaction of hydrazine with dissolved 
oxygen rather than with ferric oxide 


Factors Determining the Purity of 
Completely Demineralized Water. 
A. Richter Tec Witt. 1959, §2 
Nov 19 - (in German) 

The following tactors are = con 
sidered 1) genuine 1on exchange 
(2) ion exchange with subsequent 


reactions 4 idsorption processes 
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ESPECIALLY DESIGNED 
FOR HIGH PRESSURES 
the ideal HIGH PRESSURE fuel oil pump 


for mechanical or steam atomizing oil 
“ burners requiring from 500 


to 1200 PSI pressure 


4 J 
' 


Aa? +L ee 
i pa 


4 
w 


TYPE CB 


SCREW PUMP 


Specifications for High Pressure Fuel Oil Service: 


Body—Heavy walls for high pressures. Two intersecting body bores 
ground parallel to close tolerances along entire length. Suction and 


discharge flanges standard ASA. : 


Center Bearings—Iwo fixed double-row, heavy duty, roller bear- 
ings at middle of span control possible shaft deflection at high 
pressures. Bearing housing bores ground with body bores insure 
concentricity. All bearing parts are ground to close tolerances for 
low operating clearances 

Pumping Screws—Iwo opposing pairs of intermeshing screws 
maintain pump in axial hydraulic balance regardless of discharge 
pressure. A specially generated straightline profile between screws 
results in minimum slip. Screws are machined for close tolerance 
between body and Screws, and between intersecting screws 

Timing Gears—Hove increased face width for high pressure 
service. Proper positioning at factory prevents metallic contact 
between screws,. eliminating vibration and noise while transmitting 
power smcothly. 

Inboard and Outboard Bearings—Standard, and selected for 
maximum life based on pump's maximum operating conditions. Each 
timing gear is supported by a pair of double-row, heavy duty roller 
bearings to isolate radial loads from screws. 


Shafts—Designed for both high speed and high torque applications. 


Stuffing Box—Under suction pressure only Valve control can be 
provided for pressure lubrication and sealing. 


Mounting—lhe pump is adaptable for horizontal, vertical or in- 
clined installation. 
For complete details, including Selection Nomograph, write for Bulletin 252. 


SC 
WARREN PUMPS, INC. 


WARREN, MASSACHUSETTS ~ » 











» JUDGED 
BEST 
BY FAR! 


NEW, IMPROVED 
INSUL-FELT 
BLANKETS 


UNIFORM THICKNESS 
AND DENSITY 

Low K factor. Rosin-bonded min- 
eral fiber felt. Laminated and 
specially bound. Full body and 
thickness. 


SHARP EDGES 
AND CORNERS 
Blanket sections can be butted 
closely against each other for 
tight fit over surfaces. 


WOOL WON’T TEAR 


Fi Wire mesh or lath can be re- 
or moved and wool handled with- 


LOW TEMPERATURE eo foe ai —_ 
APPLICATIONS = || sStRONG, FLEXIBLE 


UP TO Easier to apply than mineral 
wool block. 


1200’F. ATTRACTIVE 


IN APPEARANCE 
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REFRACTORY & INSULATION CORP. 


124 WALL STREET « NEW YORK 5,N.Y. 


Sales Offices: Chicago, Iil.; Cleveland, Ohio; Bryn Mawr, Pa.; 
Newark, N. J.; Buffalo, N. Y. 


Castable and Bonding Refractories; FURNACE BLOK; 


M fact 
‘onufacturers of Blankets, Block, Plastic ond Fill Insulations. 


(4) change of charge; (5) chromato 
graphic effects. Their influence on 
the final quality of the water is dis 


cussed 


Fundamentals of Complete Demin- 
eralization Plant Circuits. H. List 
and J lregl Tech Mitt. 1959, 52 
(Nov.), 417-23 (in German) 

Arrangements of complete demin 
eralization plants for obtaining and 
inaintaining maximum efficiency and 
economy are discussed and illustrated 
by some actual examples 


Semi- or Fully-Automatic Demineral- 
ization Plants. H. V. Nodel. Teci 
Witt. 1959, 52 (Nov.), 428-32 (in 
German) 

Both sem- and fully-automati 
plants are described and the difference 
in their operation outlined. It is 
argued that although the capital 
costs of a semi-automatic control are 
9 per cent and that of a fully-auto 
matic control system are 28 per cent 
higher than a manually controlled 
plant it is almost always economi 
cally justifiable to instail an auto 
matic control svstem 


Flue Gas, Ash and Dust 


The Residual Oil Ash Corrosion 
Problem. C. J]. Sunder. Corrosion 
959.15 (Nov 61—6 

This review is mainly concerned 
with the problems of high temperature 
corrosion and their prevention. It is 
believed that steels containing silicon 
and aluminum may be developed 
and or coatings resistant to corrosion 
temperatures above 1200 F. Oil addi 
tives giving equal protection for all 
variations of impurities, operating 
conditions and materials are less likel) 
to become available 


Control of Air Pollution from Oil- 
Burning-Power Plants. H.C. Austin 
and W. L. Chadwick ASME Pre 
print No. 59-A-71, 1959 (Dece.), 4 pp 
Pilot and full-scale plant tests are 
reported on reducing the amount of 
particulate nfatter, SO2., SO; and NO 
in the flue gases emitted from oil 
fired boilers Particulate matter and 
SO; can be separately removed in 
newly designed precipitators, the SO 
also by adding a_ stoichiometrical 
amount of ammonia SO. can be 
removed by oxidation over a vanadium 
catalyst; this method is very expen 
sive. For the separation of NO, 
two-stage combustion has proved 
best and is at present under extended 
investigation in a large boiler An 
infra-red gas analyzer has been de 
veloped for continuous recording of 
SOc, SQ; and NO which is much 
more accurate and reliable than pre 
vious instruments 
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The Use of Transparent Scale Models 
in the Design of Dust-Collector and 
Gas Duct Systems for Coal-Burning 
Electric Generating Stations. E. F 
Wolf, H. I von Hohenleiten and 
M. B. Gordon. A.S.M.E. Preprint 
No. 59-A-305. 1959 (Dec.), 5 pp 
Improved dust separation by 
changes in design of the gas ducts to 
and from the collectors have been 
secured by means of transparent 
models. The difficulties experienced 
in a particular plant and the modi- 
fications introduced after model 
studies are described in some detail 


A Superior Collecting Plate for Elec- 
trostatic Precipitators. H. J. White 
and W. A. Baxter. A.S.M.E. Pre 
print No 59-A-279 1959 (Dec ), 7 
PP 

Experimental studies have shown 
that the performance of a solid plate 
as collecting electrode is far superior 


to an expanded or perforated metal 


plate The design of the plate with 


its baffles is described 


Pulverized Fuel Ash as a Concrete 
Additive. R Hammond Mach 
Lloyd (Europ. Edit.) 1960, 32 (Jan 
9), 19-23 

[he advantages and disadvantages 
of using fly ash in concrete construc 
tion are discussed and some applica 
tions in heavy foundation work and 
large dams described Fly ash in 
concrete is particularly useful where 
its resistance agg sive Water can 
be utilized at ur strength is of 
minor importance 


V4 
The Use of Fly Ash in Concrete by RETURN LINE CORROSION 


Ontario Hydro. J. N. Mustard and 


Cc Macinnis ky J. 1959, 42 Gn BE LICKED! 


Dec 4 
The properties of fly ash concrete ; ee 
Drastic reduction of return line corrosion in an easy, effective and economical 
way has been the unanimous experience of hundreds of plants throughout the 
in both high nd low-pressure grout country using Bird-Archer’s Amine Treatment. 


are discussed and the use of fly ash 


ing mixtures a iagara and to re A plant in New York State, generating approximately 500,000 lb. of steam a 
place from 20-30 per cent of the ce day, had a normal condensate pH value of 6.3 that resulted in almost constant 
piping replacements. Only 6 lb. per day of Bird-Archer’s Amine Treatment cut 
maintenance costs to a new low by raising the pH value to the safe range of 
8.0 to 8.5 
A plant in New England, generating 600,000 Ib. of steam a day, did not have 
and Otter Raj projects are de an open feedwater heater which would mechanically eliminate the exceedingly 
scribed h¢ int is given of the high CO» content of their makeup water, consequently, the pH value of their 
condensate was sometimes as low as 5.9. Less than 12 lb. of Amine Treatment 
a day raises the pH value of the condensate to 8.5, eliminates excessive 
ash as corrosion. 
1G60 12 . : . 
After two years of experience with Amine Treatment a power plant in 
Jan. 3 ) Massachusetts, making 250,000 Ib. of steam a day, enthusiastically reports that 
; they eliminate over 75°, of their piping replacements through the use of only 
Heat Recovery Plant 2 or 3 lb. a day of Amine Treatment. 
5 a Return line corrosion has been licked at these plants. Let a Bird-Archer 
Dynamics of Heat Exchangers and Service Engineer help you solve your corrosion problems. 
their Models. Phal-Larsen A Write for Bulletin CP100 and the name of the Bird-Archer Service Engineer 
S.M.E. Preprint Ne 9-A-117, 1959 nearest you. Pets 
Dec 


Simple mathemat models are BIRD-ARCHER 


used to an lynamic charac 


mand perom WATER TREATING CONSULTANTS 


teristics of heat exchanger 
eters, such as dwell time of the fluid “A The BIRD-ARCHER Company, 4337 N. American St., Phila. 40, Pa. 
in the heat exchanger and the metal 0) New York © Chicago 

and fluid time constants, are estab i) iS The BIRD-ARCHER Co. of California, 415 Brannan St., San Francisco 
lished to describ these characteris Offices in Canada and Mexico 


ment in appropt mass and struc 


tural concrete plications at the 


St. Lawrence irribau, Whitedo; 


method velop for batching the 
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Largest Merchant /ron Producer in U.S. Chooses 


WHIRLEX ID FANS 


“High Erosion Resistant 
Fan Wheel Assures 
Longer Life... 
Minimum Maintenance 


The largest furnace in 
the country producing 
merchant pig iron was re- 
cently placed in service as 
part of an expansion pro- 
gram by a major Southern 
mill. The new furnace has 
a rated capacity of 1000 


tons per day and is one of 


the most modern in the 
country with respect to 
mechanization and auto- 
matic controls. 

Because of their unique 





design and high erosive 
resistance, WHIRLEX 
heavy duty induced draft 
fans were chosen to handle 
the hot blast furnace gas. 
The three units shown 
here carry approximately 
150,000 cubic feet of gas 
per minute. Preliminary 
fan examinations show 
wear to be less than a 
third that of ordinary fans 
designed for this purpose. 
A Whirlex fan installation 


may solve your problem. 
Write or wire us. 


Fly Ash 
Arrestor Corp. 


203 North Ist. Street 
Birmingham, Ala. 





tics. A single dynamic parameter is 
proposed which is easily adjusted to 
different operating conditions and 
believed to be useful in the design, 
use, classification and standardiza 
tion of heat exchangers 


Systematic Approach to the Design 
of Compact Heat Exchangers. W. B 
Hendry A.S.M.E. Preprint No. 59 
\-193, 1959 (Dec 7 pp 

Equations are developed for de 
signing a direct-transfer, cross-flow, 
single pass heat exchanger of mini 
mum volume or minimum weight 


Design Performance of The Low- 
Level Economizer. J. H. Potter and 
R. C. King A.S.M.E. Preprint No 
59-A-2229. 1959 (Dec 12 pp 

The low-level economizer is in 
stalled behind the air preheater to 
remove further heat from the flue 
gases Performance studies are pre 
sented which show that its installa 


tion 18 an economic proposition 


The Low-Level Economizer. 5S 
son 1S.4.k. Preprint No. 5 
959 (Dee.), 8 pp 

sign of the economizer 
installed behind the air preheater and 
used to preheat feedwater, control of 
Surlace temperature, use of corrosion 
resistant cast iron, and special washing 
equipment for the cleaning of the 
low-temperature heating surfaces are 


described 
Power Generation and Power Plant 


Economic Selection of Steam and 
Power Supplies for Refineries and 
Petrochemical Plants. I). L. E. Ja 
cobs and W. B. Wilson A.S.M.}I 

é nt No. 59-A-330. 1959 Dex 


yeneral consideration 1s pre 
nted of the factofs involved in 
selecting boiler size, pressure and 
temperature, choosing between extrac 
tion-back-pressure or condensing tur 
bine and pressure reducing stations 
between turbine and motor drives 
et [wo case studies demonstrate 
how to arrive at the most economic 


solution in a given Case 


Steam Power Plants for Peaking 
Service. A. R. Lebailly. ASME Pre 
print No. 59-PWR-S, 1959 (Oct i) 

The calculations presented show 
that considerable reductions tn invest 
ment can be achieved if units for 
supplying peak load (maximum 1500 
h vear) are designed for lower pres 
sures and temperatures, higher furnace 
heat release rates and_ simplified 
iccessories. Based on a LOO Mw unit 
conditions compared are 850 psi and 
900 F, 1250 psi and 950 F, 1800 psi 


and L000 1000 F and 1450 pst 
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REPUBLIC VECTOR 
CONTROLLERS 
FEATURE 2 T0 500% 
PROPORTIONAL 
BAND ADJUSTMENT 


Rockwell-Built Republic vector controllers feature 
easy proportional band adjustment from 2 to 500%, an 
adjustable reset rate from 0.1 to 50 repeats per minute 
and less than 0.05°% dead band. 

This is typical of the performance of Republic’s new 
Null-Balance-Vector line of pneumatic instruments 
which includes 


Temperature transmitters with a 10 to 1 range 
adjustment 

Pressure transmitters of 0.5% accuracy, 0.1 
sensitivity 

Differential pressure transmitters with a 20 

to 1 range adjustment. 

Relays which extract square root down to 10% 
of output span. 

Multiplying, squaring, additive, totalizing, a 
Multiplying, sq iditive, totalizing, and 
ratio relays 

Other instruments necessary for measuring, 
controlling, and computing variables for 
combustion and process industries. 


The span | ‘*K’’) of each Republic Null-Balance- Vector 
instrument can be easily varied by loosening the lock- 
screw and sliding the weighbeam assembly along the 
slot as shown in the schematic. Zero does not have to 
be reset and only a comparison reference is required. 

A common component, containing the ‘‘K’’ adjust- 
ment as illustrated, is the base around which each 
Republic Null-Balance-Vector instrument is built. This 
common “heart”? means that you have interchange- 
ability of parts—even among instruments performing 
different functions. Conversion and replacement parts 
can be pooled instead of stocking spare instruments for 


each control function 


In addition, you benefit from simplified operating 


and maintenance training because the same principle of 


operation is used for all instruments. All Republic 
Vector instruments are compact, lightweight and rugged. 
The Republic Engineer in your area will be glad to 
work with you on any control or measurement applica- 
tion. Or, write for information to Republic Flow Meters 
Company, Subsidiary of Rockwell Manufacturing Com- 
pany, 2240 Diversey Parkway, Chicago 47, Illinois. In 
Canada: Republic Flow Meters Canada Ltd., Toronto. 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


Tt, 


fine product 


| ROCKWELL 





NOTE. K INCREASES AS 
W INCREASES WHEN 
We45", K 


"K" 
v4 


INPUT 4 


LOCKSCREW 
PivoT 


WEIGHBEAM 
ASSEMBLY 


NOZZLE FLEXIBLE 
BAFFLE TUBE 








FLOATING 
PIVOT 
PNEUMATI 

AMPLIFIER 














eats 











“K" 


= 


This is the common component around which each 
Republic Null-Balance-Vector pneumatic instrument is 
built. This component contains the ''K’"’ adjustment. 


TYPICAL REPUBLIC 
NULL-BALANCE-VECTOR INSTRUMENTS 


S VDP Differential 
VC Controller A Penaiune 
¥ Transmitter 

Common Pneumatic 

Component 

The Heart of Each 

Instrument 





You can meet 
any combination 
of temperature and 
weather with J-M 


- cements 
jackets 
- coatings 


fills 


Along with the widest assortment of industrial insu- 
lations available, Johns-Manville offers a full line of 
cements, jacketing materials, coatings and fills. These 
important accessory items have been specially devel- 
oped for use with J-M insulations to withstand both 
high process temperatures and exposures to all kinds 
of weather extremes on the Job. 

Don’t settle for half a specification. Let your insu- 
lation contractor furnish the right combination of 
Johns-Manville materials vital to the satisfactory 
completion of any insulation job. 

More than a century’s experience in development 
and manufacture of top quality insulating materials 
insures the ability of Johns-Manville to meet any re- 
quirements and all extremes of temperature and 
weather. Talk over your specific needs with your J-M 
representative, or write Johns-Manville, Box 14, New 
York 16, N. Y. In Canada: Port Credit, Ontario. 


JOHNS-MANVILLE gy 


AN INSULATION FOR EVERY COMMERCIAL AND INDUSTRIAL USE PRODUC 
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\. 
JOHNS-MANVILLE INSULATING and finishing cements are 
applied over flat or irregular surfaces to give a smooth, 
crack-free finish that can easily be painted or given an 
additional weather-protective coating. 


44 — ay | 
J-M INSULATING CEMENT can be applied by troweling in 
place ... here, on a large cylindrical vessel previously 
covered with blanket insulation. 


See how J-M offers materials 
to match your specific needs 


J-M CEMENTS are designed for insulating or fin- 
ishing applications. Eight types are made for gen- 
eral and special purpose use from such base ma- 
terials as asbestos, magnesium carbonate, diato- 
maceous silica, mineral fiber, expanded vermicu- 
lite, hydraulic-setting cement, etc. Temperature 
limits range as high as 1900F. 


J-M WEATHERPROOFING JACKETS provide fire protection 
and weatherproofing as they meet any hot or cold insu- 
lating requirement. Most of the 12 available types are 
made of asbestos, felt-coated and saturated with asphalt. 


J-M WEATHERPROOFING JACKETS for fire resis- 
tance and weatherproofing can be furnished fac- 
tory-applied to pipe insulations, or separately for 
on-the-job installation, in a wide range of thick- 
nesses and weights. Twelve different jackets to 
choose from—for temperatures to 250F. 


J-M INSULKOTE weather-protective coatings 
guard insulation against corrosive atmospheres 
and extremes of weather. Insulkote can be trow- 
eled or gunned in place on vessels, tanks, piping 
and equipment. Available in six types, both 
“breathing” and “non-breathing.” 


J-M FILLS are recommended for insulating irregu- 
lar spaces in high-temperature equipment. ai 
J-M INSULKOTES can be ready-mixed and applied by 
Ask your J-M Insulation Contract Unit about trowel or spray gun over wire or Duramesh® fiber glass 
these and the other quality insulating materials reinforcements. They effectively seal out moisture to 
by Johns-Manville—your best assurances of long, prevent equipment corrosion . . . safeguard insulation 
trouble-free perjormance on the job. investment, 
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Shop fabrication of complex shapes such as this %” wall service water header simplifies field erection. 


Minimum field welding and fitting 
means faster installation and 
lower overall cost of installed piping 


The service water header shown is 
part of an order which included all 
piping six inches and larger for a 
425MW central station. The boiler 
will operate at 2000 psi and 1050- 
1O00F. Main steam header was fab- 
ricated from 2% chrome, 1 moly 
pipe, 19” O.D. x 344” wall. 
Careful engineering, pre-plan- 
ning and fabrication to high stand- 
ards are the basic reasons why this 
job was erected with field welding 
and on-the-spot fitting held to a 


time-saving minimum. Contractor 


and owner both benefited from the 
ease with which the piping went 
into place—both saved money on 
the overall cost. 

Complete facilities, engineering 
service, accurate fabrication that is 
quality control checked at every 
stage, plus erection service if de- 
sired . . . these are available to you 
on your next job. Take advantage 
of the complete piping services 
offered by Dravo. For full informa- 
tion, write DRAVO CORPORATION, 
PITTSBURGH 22, PENNSYLVANIA, 


DRAVO 


Cc OR PORAT 6 


Blast furnace blowers * boiler and power plants * bridge sub-structures * cab conditioners * docks and unloaders * dredging © fabricated piping 
foundations * gantry and floating cranes * gas and oil pumping stations * locks and dams ¢ ore and coal bridges * process equipment * pumphouses and 
intakes * river sand and gravel « sintering plants * slopes, shafts, tunnels * space heaters © steel grating * towboats, barges, river transportation 
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Richardson Coal Scale— 
accepted standard for modern power plants 


Rugged Dependability * Easy Maintenance « Long Life * Low-cost Service 


The NEW Richardson H-39C provides: 
1. Easy-Access Doors — give you large access to the working parts of the 

scale for easier, faster visual inspection, and adjustment. 

. Instantaneous By-Pass — no delay. Automatic, if desired. 

. Removable Belt Feeder — designed for rapid removal. 

. Electrical Equipment—located outside the dust-tight weighing chamber. 

. Mechanical 6-Figure Cycle Counter — ruggedly built by Richardson... 

won't miscount or doublecount. 
6. Choice of 3 Sizes — available in 200, 500 and 1,000 lb. capacities. 
Richardson Monorate Distributors for stokers prevent segregation in 
straight line of flow, without inverted spouts and restricted openings. 
Catalog 0359 describes in detail these and other features of Richardson 
coal scales, bunker-to-boiler job-engineered to suit your requirements. 
24-hour service by Richardson helps make Richardson the favorite of 
coal scale users @ 1785 


Richardson Scales conform to U.S. Weights and Measures H-44 for your protection 
oe. 


Here’s the answer... 


at 1 NCE 190? 


RICHARDSON SCALE COMPANY « CLIFTON, NEW JERSEY 
Sales and Service Branches in Principal Cities ¢ Also manufactured in Europe to U.S. Standards. 
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BETWEEN 
TWO FIRES 


Boiler steel meets ‘fire’ on both sides of tubes and 
drums. Just as flame, in consuming fuel, tends directly 
or indirectly to cause deterioration of fire-side boiler 
steel, so water, too, reacts with metal — less obviously, 
perhaps, but nonetheless surely — for water is and 
always will remain a chemical, potentially destructive 
to steel. 

Recognizing this fact, operators of boilers large 
and small — in central stations, industrial plants, aboard 
ship and on the railroads — apply a protective coating 
of Apexior Number | to all steam and boiler-water- 
exposed metal. 

Apex-.or helps retain for the life of any boiler the 
advantages of new or newly cleaned metal. It grips 
steel with a hold never released in normal boiler opera- 
tion. Impervious to moisture, it ends water-metal contact 
— repels deposits, too, by adding a surface so smooth 
it denies them a footing. 

Thus Apexiorized metal remains sound — stays 
in service longer. Free from heat-transfer barriers, it 
puts b.t.u.’s to work more efficiently. In a word, better 
boiler performance — and more of it — is the return 
Apexior gives you on a truly modest investment. 
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BULKHEAD PENETRATOR 


These jobs demonstrate the variety of nucleonic pip 
ing work done in our shops. The volute assembly, 


Fabricated b shown in intermediate stage of manufacture, is fab 
y ricated of 14” and 16” Schedule 160 piping materials 

The bulkhead penetrator, one of a group, is notable 

2 4 2 for an unusual method of welding dissimilar metals 
Pittsburgh Piping The complex test loop requires skillful welding of 
SS — stainless steel piping materials, and precise assembly 

of hundreds of components. We are equipped and 


* 
forNucleonicsa  2°e= tees s7 
and our representative will call. Or, we will be glad 


to have you visit our plant 


PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR NUCLEONICS 


, {AND EQUIPMENT COMPANY 
a eet ee GOW? 158 fa STREET - NT CON 1, PA. 


PP.40 Atlanta... ..Whitehead Building Cleveland. ..Public Square Building New York. . Woolworth Building 
Chicago. . Peoples Gas Building New Orleans.......P. O. Box 74 


June 1960 / COMBUSTION 





improved Water Level 


Taleller-tifelas 
* 


Better Visibility 


with 


MP-3000 
MULTI-PORT 
SOLOR GAUGE 


by: 


This improved construction (exclusive with the Dia- 
mond MP-3000 Multi-Port Bi-Color Gauges) avoids 
possible confusion of colors in steam space of gauge 
and it improves visibility by providing sharper red 


and green colors. 


Condensate, which might otherwise be a source of 
trouble, flows down the bypass channel instead of 
down the port channel. This permits the center plate 
to retain a relatively high temperature so that water 
in the ports is nearer to temperature of water in the 
boiler drum, improving indication accuracy. Absence 
of condensate in the ports assures a distinct Bi-Color 


image—signal rea for steam—signal green for water. 


Exclusive New Construction* 


*Patented 


New patented construction of the Diamond 
MP-3000 Multi-Port Bi-Color Gauge is 


illustrated by cut-away sections. 

Multi-Port construction greatly reduces gauge main- 
tenance costs. Inherent thermal stability minimizes 
maintenance frequency and any port can be changed 
in a few minutes without removing the gauge from 
the boiler. Change of any port is expedited by new 
glass and gasket package unit. Construction is except- 
tionally sturdy—gauge body is machined from a 
solid block of high grade stainless steel. Get in 
touch with your local Diamond office, or write us at 
Lancaster, Ohio, P.O. Box 415, for complete inform- 


ation and bulletins. 


OND POWER SPECIALTY CORP. 
LANCASTER, OHIO 
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Clean 
Wollar 


The new high-pressure hydraulic tool, shown above, 
is currently saving thousands of dollars for companies 
in the refining, chemical, and petrochemical industries. 
It is the jetting tool developed by Dowell to remove 
deposits from heat exchanger tube bundles. 

Previous methods of cleaning these bundles have 
been costly, time-consuming and often inadequate. 
Many times bundles had to be replaced completely 
because of the lack of a suitable cleaning method. 

This new tool has a remarkable record of thorough, 
fast cleaning. For example, a slurry reboiler exchanger 
bundle, three feet in diameter and 16 feet long, was 
fouled with deposits of coke and asphalt. After being 


jetted from only one side, the bundle was thoroughly 
clean. Time required: less than one hour. 

The tool holds the bundle in place for cleaning 
and has flanged rollers for rotation. The jet-head is 
manipulated automatically so that all tube spaces are 
covered. The jetted liquid can be either water or 
chemical solvents. 

The new Dow Industrial Service Division will 
continue to offer the service which was formerly 
provided through the Dowell Division. For engi- 
neered recommendations to solve your cleaning 
problems contact the field office nearest you, or write 
Dow Industrial Service, 20575 Center Ridge Road, 
Cleveland 16, Ohio, 


DOW INDUSTRIAL SERVICE 


DIVISION OF THE DOW CHEMICAL COMPANY 























